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MONO-DIAMETER WELLBORE CASING 
Cross Reference To Related Applications 
This application is related to the following co-pending applications: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on 

17/^^/1000 /9\TTC rtofm* Art/r»/\r»^i _ _ . 

V— / w.i^. i^uM/Mi, uy^iiMuvxi actual ijv. \/ytji\/^ytjf aiiumcy aocjKCi no. 

25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350. 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791. 1 1.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent appiicatioa serial no. 09/511,941, 
attoniey docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588^46, attorney docket no. 2579 1 .17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559^22, attorney docket no. 25791.23.02, filed on 
4/26/2000, (10) PCT patent application swial no. PCT/US00/I8635, attorney docket 
no. 25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial 
no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patent ^plication serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 
attorney docket no. 25791 .34, filed on 10/12/1999, (14) U.S. provisional patent 
application serial no. 60/159,039, attorney docket no. 25791 .36, filed on 10/12/1999, 
(15) U.S. provisional patent application serial no. 60/159,033, attorney dodcetno. 
25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
60/212,359, attorney docket no. 25791.38, filed on 6/19/2000. (17) U.S. provisional 
patent application serial no. 60/165,228, attorney docket no. 25791.39, filed on 
1 1/12/1999, (18) U.S. provisional patent application serial no. 60/221,443, attorney 
docket no. 25791.45, filed on 7/28/2000, (19) U.S. provisional patent plication 
serial no. 60/221,645, attorney docket no. 25791 .46, filed on 7/28/2000, (20) U.S. 
provisional patent application serial no. 60/233,638, attorney docket no. 25791.47, 
filed on 9/1 8/2000, and (21) U.S. provisional patent plication serial no. 



1 



60/237,334, filed on October 2, 2000. Applicants incorporate by reference die 
disclosures of these aj^lications. 

Background of the Invention 
This invention relates generally to wellbore casings, and in particular to 
wellbore casings that are formed using expandable tubing. 

Conventionally, when a wellbore is created, a number of casings are installed 
in the borehole to prevent collapse of the borehole wall and to prevent undesired 
outflow of drilling fluid into the fmnation or inflow of fluid from the formation into 
tiie borehole. The borehole is drilled in intervals whereby a casing which is to be 
installed in a lower borehole interval is lowered through a previously installed 
casing of an upper borehole interval. As a consequence of this procedure the casing 
of the lower interval is of smaller diameter than the casing of the upper interval. 
Thus, the casings are in a nested arrangement with casing diameters decreasing in . 
downward direction. Cement annuli are provided between the outer sxirfaces of the 
casings and the borehole wall to seal the casings from the borehole wall. As a 
consequence of this nested arrangement a relatively large borehole diametCT is 
required at the upper part of the wellbore. Such a large borehole diameter involves 
increased costs due to heavy casing handling equipment, large drill bits and 
ina-eased volumes of drilling fluid and drill cuttings. Moreover, increased drilling 
rig time is involved due to required cement pun^g, cement hardening, required 
equipment changes due to large variations in hole diameters drilled in the course of 
the well, and the large volume of cuttings drilled and removed. 

The present invention is directed to overcoming one or more of the 
limitations of the existing procedures for forming wellbores. 

Summary of the Invention 
According to one aspect of the invention, an apparatus for plastically 
deforming and radially expanding a tubular member is provided that includes means 
for plastically deforming and radiaUy expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically deforming and radially 
expanding a second portion of the tubular member to a second outside diameter. 



According to another aspect of the present invention^ an ai^aratus for 
plastically deforming and radially expanding a tabular member is provided that 
includes a tubular support member including a first fluid passage, an expansion cone* 
coiq>led to the tubular support member having a second fltiid passage fluidicly 

1 - — ~— — O'^ — •••• wvaA«v«M 0«U4MV>Wy » Jl Vtl i W CU/1%/ OLUILUCU 

conical sleeve coupled to the outer conical surface of the expansion cone, an annular 
expansion cone launcher coupled to the conical sleeve and a lower portion of the 
tubular member, and a shoe having a valveable passage coupled to an end of the 
expansion cone launcher. According to another aspect of the present invention, a 
method of plastically deforming and radially expanding a tubular member is 
provided that includes plastically deforming and radially expanding a portion of the 
tubular membflT in fir^t mitciHi^ AiaTrtf»ft»r mA nlacfi^alK/ ^AA^i-mm/* 

" — - ^-^^ , %*WA.VAAAU«lg HUW JLOUiCUljT 

expanding another, portion of the tubular memb^ to a second outside diameter. 

According to anoAer aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes plastically 
deforming and radially expanding a first portion of the first tubular member to a first 
outside diameter, plastically deforming and radially expanding another portion of 
the first tubular member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of 
the first tubular member, plastically deforming and radially expanding the second 
tubular member to a third outside diamet^, and plastically deforming and radially 
expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means 
for plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, means for plastically deforming and radially 
expanding another portion of flie first tubular member to a second outside diameter, 
means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, means for 



plastically deforming and radialJy expanding the second tubular member to a third 
outside diameter, and means for plastically deforming and radially expanding the 
second tubular member to a fourth outside diameter. The inside diameters of the 
first and second tubular members after the plastic deformations and radial 
5 expansions are substantially equal. 

According to another aspect of the present invention, an ^paratus for 
forming a wellbore casing within a wellbore is provided that includes means for 
supporting a tubular member within the wellbore, means for plastically deforming 
and radially expanding a first portion of the tubular member to a first outside 
1 0 diameter, and means for plastically deforming and radially expanding a second 
portion of the tubular member to a second outside diameter. 

According to another aspect of the present invention, an apparatus for 
foraiing a wellbore casing within a wellbore is provided that includes a tubular 
support member including a first fluid passage, an expansion cone coupled to the 
1 5 tubular support member having a second fluid passage fluidicly coiq)led to the first 
fluid passage and an outer conical surface, a removable annular conical sleeve 
coupled to the outer conical surface of the expansion cone, an aimular expansion 
cone launcher coi4>led to the conical sleeve and a lower portion of the tubular 
member, and a shoe having a valveable passage coupled to an end of the expansion 
20 cone launcher. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes supporting a tubular 
member within a wellbore, plastically deforming and radially expanding a portion of 
the tubular member to a first outside diameter, and plastically deforming and 
25 radially expanding another portion of the tubular member to a second outside 
diameter. 

According to another aspect of die present invention, a method of forming a 
. mono-diameter wellbore casing within a wellbore is provided that includes 
supporting a first tubular member within the wellbore, plastically deforming and 
30 radially expanding a first portion of the first tubular member to a first outside 

diametCT, plastically deforming and radially expanding anotiier portion of tiie first 
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tubutar member to a second outside diameter, positioning the second tubular 
member inside the first tubular member in overlapping relation to the first portion of 
the first tubular mraiber, plastically deforming and radially expanding the second 
tubular member to a third outside diameter, and plastically deforming and radially 
5 expanding the second tubular member to a fourth outside diameter. The inside 
diameters of Ae first and second tubular members after the plastic deformations and 
radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for coupling 
a first tubular member to a second tubular member is provided that includes means 
10 for plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter, means for plastically deforming and radially 
expanding another portion of the first tubular member to a second outside diameter, 
means for positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, means for 
1 5 plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and means for plastically deforming and radially expanding the 
second tubular meniber to a fourth outside diameter. The inside diameters of the 
first and second tubular niembers after the plastic deformations and radial 
expansions are substantially equal. 
20 According to another aspect of the present invention, an apparatus for 

plastically deforming and radially expanding a tubular member is provided that 
includes means for providing a lipped portion in a portion of the tubular member, 
and means for plastically deforming and radially expanding another portion of the 
tubular member. 

25 According to another aspect of the present invention, an apparatus for 

plastically deforming and radially expanding a tubular member is provided that 
includes a tubular support member including a first fluid passage, an expansion cone 
coupled to the tubular support member having a second fluid passage fluidicly 
coupled to the first fluid passage and an outer conical surface, an annular expansion 

30 cone launcher including: a first annular portion coiq>led to a lower portion of the 
tubular member, a second annular portion coupled to the first annular portion that 
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mates with the outer conical surface of the expansion cone, a third annular portion 
coupled to fte second annular portion having a first outside diaineter, and a fourth 
annular portion coupled to the third annular portion having a second outside 
diameter, wherein the second outside diameter is less than the first outside diameter, 
and a shoe having a vaiveaWe passage coiq>led to fourth annular portion of the 
expansion cone launcher. 

According to anothw aspect of Ae present invention, a method of plasticaHy 
deforming and radially expanding a tubular membo- is provided that includes 
providing a lipped portion in a portion of the tubular membw, and plastically 
deforming and radially expanding another portion of the tubular member. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided fliat includes providing 
a lipped portion in a portion of the first tubular member, plastically deforming and 
radially ejqjanding another portion of the first tubular member, positioning the 
second tubular member inside the first tubular member in overlapping relation to the 
lipped portion of the first tubular member, and plastically deforming and radially 
expanding the second tubular member. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are 
substantially equal. 

According to aiiother aspect of the present invention, an ^aratus for 
coupling a first tubular member to a second tubular member is provided fliat 
includes means fen- providing a hppcd in the first tubular member, means for 
plastically deforming and radially expanding another portion of the first tubular 
member, means for positioning Ae second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
means for plasticaDy deforming and radially expanding the second tubular member. 
The inside diameters of the first and second tubular members after the plastic 
deformations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing wdthin a wellbore is provided that includes means for 
supporting a tubular member within the wellbore, means for providing a lipped 



6 



portion in the tubular meanber, and means far plastically defonning and radially 
e3q>anding another portion of tiie tubular member to a second outside diameter. 

According to another aspect of the present invaition, an ^aratus for 
forming a wellbore casing within a wellbore is provided fliat includes a tubular 
5 siqjport member including a first fluid passage, an expansion cone coupled to the 
tubular sappan member having a second fluid passage fluidicly coupled to the first 
fluid passage and an outer conical surface, an annular expansion cone launcher 
including: a first annular portion coupled to a lower portion of the tubular member, a 
second annular portion coupled to the first annular portion that mates with the outer 
1 0 conical surface of the expansion cone, a thiixi annular portion coupled to the second 
annular portion having a first outside diameter, and a fourth annular portion coupled 
to the third annular portion having a second outside diameter, whwein the second 
outside diameter is less th^n the first outside diameter, and a shoe having a valveable 
passage coupled to fourth annular porticm of the ei5)ansion cone launcher. 
15 According to another aspect ofthepresrait invention, a mefliod of fomiing a 

wellbore casing in a wellbore is provided tiiat includes supporting a tubular member 
wittiin the wellbore, providing a lipped portion in a portion of the tubular member, 
and plastically deforming and radially expanding another portion of flie tubular 
membo*. 

20 According to another aspect of the present invention, a method of forming a 

mono-diameter wellbore casing within a wellbore is provided that includes 
supporting a first tubular member within the wellbore, providing a lipped portion in 
a portion of the first tubular member, plastically deforming and ladially e3q)anding 
another portion of the first tubular member, positioning the second tubular member 
25 inside the first tubular member in overlapping relation to the lipped portion of the 
first tubular member, and plastically deforming and radially expanding the second 
tubular m«nber. The inside diameters of the first and second tubular menibers after 
the plastic defcmnations and i^adial expansions are substantially equal. 

According to another aspect of fhe prraent inyention, an apparatus for 
30 forming a mono-diameter wellbore casing within a wellbore is provided that 
includes means for providing a lipped in the first tubular member, means for 
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plastically deforming and radially expanding another portion of the first tubular 
member, means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the lipped portion of the first tubular member, and 
means for plastically deforming and radially expanding the second tubular member. 
The inside diameters of the first and second tubular members after the plastic 
deforniations and radial expansions are substantially equal. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includes means for plastically deforming and radially expanding a first end of the 
tubular member, and means for plastically deforming and radially expanding a 
second end of die tubular member. 

According to another aspect of the present invention, an apparatus for 
plastically deforming and radially expanding a tubular member is provided that 
includes a tubular support member including a first passage, an expansion cone 
coupled to the tubular siq)port having a sec<»id passage fluidicly coupled to the first 
passage and an outer conical surface, an annular expansion cone launcher movably 
coiQ)led to outer conical surface of the expansion cone, an expandable tubular 
member coupled to an end of the annular expansion cone launcher, a shoe coupled 
to another end of the annular expansion cone launcher having a valveable fliiid 
passage, and another annular expansion ccMie movably coupled to die tubular support 
member. The annular expansion cones are positioned in opposite orientations. 

According to another aspect of the present invmtion, a method of plastically 
deforming and radially expanding a tubular member is provided that includes 
plastically deforming and radially expanding a first end of the tubular member, and 
plastically deforriiing and radially expanding a second end of the tubular meriiber. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member is provided that includes 
positioning the second tubular member inside the first tubular member in an 
overlapping relationship, plastically deforming and radially expanding the end of the 
second tubular member that overlaps with the first tubular member, and plastically 
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deforming and radially expanding the remaining portion of tbe second tubular 
member. 

According to anofiier aspect of the present in vbution^ an apparatus for 
coupling a first tubular member to a second tubular member is provided that 

xiivcuia AVFi y\Joi^i\fi.uxi^ uiw ovwiiu LLiLruioi IlJdIIUCt iliaiUC UIC llidl lUUUilU 

member in an overlapping relationship, means for plastically deforming and radially 
expanding the end of the second tubular member that overlaps with the first tubular 
member, and means for plastically deforming and radially expanding the remaining 
portion of the secpnd tubular member. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes means for 

V "-M*^ <A i«A>^uAw ix«w«AAwws WiuATLA w&AiuuiC) iiiGOiia lUi ^losfUKiiiuy uciUimuiM 

and radially expanding a first end of the tubular member, and means for plastically 
deforming and radially expanding a second end of the tubular menaber. 

According to another aspect of the present invention, an ^paratus for 
forming a wellbore casing within a wellbore is provided that includes a tubular 
support member including a first passage, an expansion cone coi^led to the tubular 
support having a second passage fluidicly coupled to the first passage and an outer 
conical surface, an annular expansion cone launcher movably coupled to outer 
conical surface of the expansion cone,, an expandable tubular member coupled to an 
end of the annular expansion cone launcher, a shoe coupled to another end of the 
annular expansion cone launcher having a valveable fluid passage, and another 
annular expansion cone movably coupled to the tubular siq^port membK^. The 
annular expansion cones are positioned in opposite oriaitations. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided fliat includes plastically deforming 
and radially expanding a first end of the tubular member, and plastically deforming 
and radially expanding a second end of the tubular member. 

According to another aspect of the present invention, a method of forming a 
wellbore casing within a wellbore is provided that includes plastically deforming 
and radially expanding a first tubular member within the wellbore, positioning a 



second tubular tnember inside the first tubular member in an overlapping 
relationship, plastically deforming and radially expanding the end of the second 
tubular member that overlaps with the first tubular member, and plastically 
deforming and radially expanding the remaining portion of the second tubular 
5 member. 

According to another aspect of the present invention, an apparatus for 
forming a wellbore casing within a wellbore is provided that includes means for 
plastically deforming and radidly expanding a first tubular member within the 
wellbore, means for positioning the second tubular member inside the first tubular 

10 member in an overlapping relationship, means for plastically deforming and radially 
expanding the end of the second tubular member that overlaps with tfie first tubular 
member, and means for plastically deforming and radially expanding the remaining 
portion of the second tubular member. 

According to another aspect of the present invention, an apparatus for 

15 bridging an axial gap between opposing pairs of wellbore casing within a wellbore is 
provided that includes means for supporting a tubular member in overl^ping 
relation to the opposing ends of the wellbore casings, means for plastically 
deforming and radially expanding the tubular member, and 
. means for plastically deforming and radially expanding the tubular member and the 

20 qjposing ends of the wellbore casings. 

According to another aspect of ttie present invention, a method of bridging an 
axial gap between opposing pairs of wellbore casing within a wellbore is provided 
that includes supporting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings, plastically deforming and radially expanding the 

25 tubular member, and plastically deforming and radially expanding the tubular 
member and the opposing ends of the wellbore casings. 

According to another aspect of the present invention, a method of forming a 
structure having desired strength characteristics is provided that includes providing a 
first tubular member, and plastically deforming and radially expanding additional 

30 tubular members onto the interior surface of the first tubiilar member until the 
desired strragth characteristics are achieved. 
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According to another aspect of the present invention, a naethod of fonning a 
wellbore casing within a wellbore having desired strength characteristics is provided 
that includes plastically deforming and radially expanding a first tubular member 
within ihe wellbore, and plastically deforming and radially expanding additional 
tubular members onto the interior surface of the first tubular member until fee 
desired strength characteristics are achieved. 

According to another aspect of the present invention, a method of coupling a 
first tubular member to a second tubular member, the first tubular member having an 
original outside diameter ODq and an original wall thickness to, is provided that 
includes plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter, plastically deforaiing and radially 
expanding another portion of the first tubular m.ember to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 
overlying relation to the first portion of the first tubular membo-, plastically 
deforming and radially ejqjandmg the second tubular member to a third outside 
diameter, and plastically deforming and radially expanding ttie second tubular 
member to a fourth outside diameter. The inside diameters of Ae first and second 
tubular members aft^ the plastic deformations and radial expansions are 
substantially equal, and the ratio of the original outside diameter ODq of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
thanorequal to 16. 

According to another aspect of the present invention, a method of forming a 
mono-diameter wellbore casing is provided that includes positioning a first tubular 
member within a wellbore, the first tubular member having an original outside 
diameter ODq and an original wall tfiickness t©, plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, positioning the second tubular member inside 
the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and plastically deforming and radially 
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expanding the second tubular member to a fourth outside diameter. The inside 
diameters of the first and second tubular members after the plastic deformations and 
radial expansions are substantially equal, and the ratio of the original outside, 
diameter ODo of the first tubular member to the original wall thickness to of flie first 
tubular member is ^eater than or equal to 16. 

According to another aspect of the present invention, an apparatus is 
provided that includes a plastically deformed and radially expanded tubular member 
having a first portion having a first outside diameter and a remaining portion having 
a second outside diameter. The ratio of the original outside diameter ODo of the first 
tubular member to the original wall thickness to of the first tubular member is greater 
than or equal to 16. 

According to another aspect of the present invention, an apparatus is 
provided that includes a plastically deformed and radially expanded first tubular 
member having a first portion having a first outside diameter and a remaining 
portion having a second outside diameter, and a plastically deformed and radially 
expanded second tubular member coupled to the first portion of fee first tubular 
member. The ratio of the original outside diameter OD© of the first tubular member 
to the original wall thickness to of tfie first tubular member is greater than or equal to 
16. 

According to anoflier aspect of flie present invention, a wellbore casing 
formed in a wellbore is provided that includes a plastically deformed and radiaUy 
expanded first tubular member having a iirst portion havmg a first outside diameter 
and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion 
of the first tubular member. The ratio of the original outside diameter ODq of the 
first tubular member to the original wall thickness t© of the first tubular memba- is 
greater than or equal to 16, 

According to another aspect of the present invention, an apparatus is 
provided that includes a plastically deformed and radially expanded tubular member. 
The ratio of the original outside diameter ODo of the tubular member to the original 
wall thickness to of the tubular member is greater than or equal to 16. 

12 



Brief Description of the Drawings 
Fig. la is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. lb is a cross-sectional illustration of the placement of an embodiment of 

n ^ J «^f»j^«M«>M*«^ «* v«*vwA«u ift.iw&u/vi iiiiu uic wciIULMC Ul X'ig. lil. 

Fig. Ic is a cross-sectional illustration of the injection of fluidic materials 
through the ^aratus of Fig. lb. 

Fig. Id is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials througji the apparatus of Fig. Ic. 

Fig. le is a cross-sectional illustration of the pressurization of the region 
below the expansion cone of the apparatus of Fig. Id. 

Fig. If is a cross-sectional illustration of fee continued pressurization of the 
region below the expansion cone of iht ^aratus of Fig. le. 

Fig. Ig is a cross*sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. If following the removal 
of the over-expansion sleeve. 

Fig. Ih is a cross-sectional illustration of the conviction of the radial 
expansion of the expandable tubular member of the apparatus of Fig. 1 g. 

Fig. li is a cross-sectional illustration of the drilling out of a new section of 
the wellbore below the apparatus of Fig. Ih. 

Fig. Ij is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overl^s with the apparatus of Fig. li. 

Fig. Ik is a cross-sectional illustration of the secondary radial expansion of 
the other expandable tubular member of the apparatus of Fig. 11. 

Fig. 11 is a cross-sectional illustration of the con5>letion of the secondary 
radial expansion of the other expandable tubular member of Fig. Ik to form a mono- 
diameta* wellbore casing. 

Fig. 2a is a. cross sectional illustration of a wellbore including a preexisting 
wellbcnre casing. 

Fig. 2b is a cross-sectional illustration of the placemwit of an embodiment of 
an apparatus for radially expanding a tubular member into fte wellbore of Fig. 2a. 
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Fig. 2c is a cross-sectional illustration of the injection of fluidic materials 
through the apparatus of Fig. 2b. 

Fig. 2d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the apparatus of Fig. 2c. 
5 Fig. 2c is a cross-sectional illustration of Ae pressurization of the region 

below the expansion cone of flie apparatus of Fig. 2d 

Fig. 2f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 2e. 

Fig. 2g is a CToss-sectional illustration of Ae completion of the radial 
10 expansion of the expandable tubular member of the apparatus of Fig. 2f 

Fig. 2h is a cross-sectional illustration of the drilling out of anew section of 
the wellbore below the apparatus of Fig. 2g. 

Fig. 2i is a cross-sectional illustration of the radial expansion of another 
expandable tubular member that overl^s with the apparatus of Fig. 2h. 

Fig. 2j is a cross-sectional illustration of the secondary radial expansion of 
the other expandable tubular member of the apparatus of Fig. 2i. 

Fig. 2k is a cross-sectional illustration of the completion of the secondary 
radial expansion of the other expandable tubular member of Fig. 2j to form a mono- 
diameter wellbore casing. 

Fig. 3 is a cross-sectional illustration of the apparatus of Fig. 2b illustrating 
the design and construction of the over-expansion insert. 

Fig. 3a is a cross-sectional illustration of an alternative embodiment of the 
over-expansion insert of Fig. 3. 

Fig. 4 is a cross-sectional illustration of an alternative embodiment of the 
apparatus of Fig. 2b including a resilient hook for retrieving the over-expansion 
insert. 

Fig. 5a is a cross-sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 5b is a cross-sectional illustration of the formation of a new section of 
wellbore casing in the wellbore of Fig. 5a. 
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Fig. 5c is a fragmentary cross-sectional illustration of the placement of an 
inflatable bladder into the new section of the wellbore casing of Fig. 5b. 

Fig, 5d is a fragmentary cross-sectional illustration of the inflation of the 
inflatable bladder of Fig. 5c. 

tt:^ c« ;* * ^^..^ ^^^^^^^^'i ^r*i ^ _jr n*. • 

x-15. Id a Muso-o^vuvucu iiiusuaiiuu ui uic new 2»ci;uuii ui wciiuuic csu^ing 

of Fig. 5d after over-expansion. 

Fig. 5f is a cross-sectional illustration of the new section of wellbore casing 
of Fig. 5e after drilling out a new section of the wellbore. 

Fig. 5g is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that includes the new section of the wellbcH:^ casing and an 
additional section of wellbore casing. 

Fig. 6a is a cross-sectional illusiration of a wellbore mcluding a preexisting 
wellbore casing. 

Fig. 6b is a cross-sectional illustration of the formation of a new section of 
wellbore casing in die wellbore of Fig. 6a. 

Fig. 6c is a fragmentary cross-sectional illustration of the placement of a 
roller radial expansion device into the new section of ttie wellbore casing of Fig. 6b. 

Fig.6d is a cross-sectional illustration of the new section of wellbore casing 
of Fig. 6c after over-expansion. 

Fig. 6e is a cross-sectional illustration of the new section of wellbore casing 
of Fig. 6d after drilling out a new section of the wellbore. 

Fig. 6f is a cross-sectional illustration of the formation of a mono-diameter 
wellbore casing that includes the new section of the wellbore casing and an 
additional section of wellbore casing. 

Fig. 7a is a cross sectional illustration of a wellbore including a preexisting 
wellbore casing. 

Fig. 7b is a cross-sectional illustration of the placement of an embodiment of 
an q>paratu5 for radially expanding a tubular memb^ into the wellbore of Fig. 7a. 

Fig. 7c is a cross-sectional illustration oif the injection of fluidic materials 
through the apparatus of Fig. 7b. 
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Fig: 7d is a cross-sectional illustration of the injection of hardenable fluidic 
sealing materials through the ^jparatus of Fig. 7c. 

Fig. 7e is a cross-sectional illustration of thepressurization of the region 
below the expansion cone of the apparatus of Fig. 7d. 

Fig. 7f is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the q>paratus of Fig. 7e. 

Fig. 7g is a cross-sectional illustration of the completion of the radial 
expansion of flie expandable tubular member of Ae apparatus of Fig. 7f. 

Fig. 7h is a cross-sectional illustration of flie drilling out of a new section of 
the wellbore below flie apparatus of Fig. 7g. 

Fig. 7i is a cross-sectional illustration of the completion of the radial 
expansion of another expandable tubular member to form a mono-diameter wellbore 
casing. 

Fig. 8a is cross-sectional illustration of an wellbore including a preexisting 
section of wellbore casing having a recessed portion. 

Fig. 8b is a cross-sectional illustration of the placement of an apparatus for 
radially expanding a tubular member within the wellbore of Fig. 8a. 

Fig. 8c is a cross-sectional illustration of the injection of fluidic materials 
through the apparatus of Fig. 8b. 

Fig. 8d is a cross-sectional illustration of the injection of a haidenablc fluidic 
sealing material Oirough the appearatus of Fig. 8c. 

Fig. 8e is cross-sectional illustration of the isolation of the region below the 
expansion cone and within the expansion cone launcher of Ae apparatus of Fig. 8d 

Fig. 8f is a CToss-sectional illustration of flie plastic deformation and radial 
expansion of the upper portion of the expandable tubular member of the apparatus of 
Fig. 8e. 

Fig. 8g is a cross-sectional illustration of the removal of the upper expansion 
cone from the wellbore of fig. 8f. 

Fig. 8h is a cross-sectional illustration of the continued pressurization of the 
region below the expansion cone of the apparatus of Fig. 8g to thereby plastically 
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deform and radially expand the expansion cone launcher and expandable tubular 
member. 

Fig. 8i is a cross-stetional illustration of the conq>letion of the initial radial 
expansion process of the ^aratus of Fig. 8h. 

Fig. 8j is a cross-sectionrf illustration of the fiirther niHial 
apparatus of Fig. 8i in order to form a nK)no-diameter wellbore casing. 

Fig. 9a is a cross-sectional illustration of a wellbore including upper and 
lower preexisting wellbore casings that are separated by an axial gap. 

Fig. 9b is a cross-sectional illustration of the coupling of a tubular member to 
the opposing ends of the wellbore casings of Fig, 9a. 

Fig. 9c is a fragmentary cross-sectional illustration of the placement of a 
radial expansion device into the tubular member of Fig, 9b. 

Fig. 9d is a . fragmentary cross-sectional illustration of the actuation of the 
radial expansion device of Fig. 9c. 

Fig. 9e is a CTOss-sectional of a mono-diameter weDbore casing generated by 
the actuation of the radial expansion device of Fig. 9d. 

Fig. 10 is a cross-sectional illustration of a mono-diameter wellbore casing 
that includes a plurality of layers of radially expanded tubular members along at 
least a portion of the its length. 

Fig. I la is a cross-sectional illustration of a wellbore including a casing 
formed by plastically deforming and radially expanding a first tubular member. 

Fig. 1 lb is a cross-sectional illustration of a wellbore including another 
casing coiqjled to the preexisting casing by plastically deforming and radially 
expanding a second tubular member. 

Fig. 1 Ic is a CTOss-sectional illustration of a mono-diameter wellbore casing 
formed by radially expanding the second tubular member a second time. 

Detailed Desoiption 
Several embodimrats of methods and apparatus for forming a mono-diameter 
wellbore casing are disclosed. In sevo-al alternative embodiments, the methods and 
apparatus may be used for form or repair mono-diameter wellbore casings, 
pipelines, or structural supports. Furthermore; while the present illustrative 
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embodiments are desaibed with reference to the formation of mono-diameter 
wellbore casings, the teachings of the present disclosure have general ^plication to 
the formation or repair of wellbore casings, pipelines, and structural supports. 

Referring initially to Fig. la, a wellbore 10 includes a i^eexisting wellbore 
casing 1 5. The wellbore 10 may be oriented in any orientation from Ihe votical to 
the hOTizontal. The preexisting wellbore casing 15 may be coupled to the \jpper 
porticm of the wellbore 10 using any number of conventional mefliods. In a 
preferred mbodiment, the wellbrav casing .15 is coupled to the upper portion of flie 
wellbore 1 0 using one or more of the methods and apparatus disclosed in one or 
more of the following: (1) U.S. patent application s«ial no. 09/454,139, attomey 
docket no. 25791.03.02. filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attomey docket no. 25791.7;02, filed on 2/23/2000, (3) U.S. patent 
appHcation serial no. 09/502,350, attomey docket no. 25791.8.02, filed on 
2/10/2000, (4) U.S. patent apphcation serial no. 09/440,338, attorney docket no. 
25791 .9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent apphcation 
serial no. 09/512,895, attomey docket no. 25791.12.02» filed on 2/24/2000. (7) U.S. 
patent application serial no. 09/51 1 ,941, attwney docket no. 25791. 16.02. filed on 
2/24/2000, (8) U.S. patent plication swial no. 09/588.946, attomey docket no. 
25791.17.02, filed on 6/7/2000, (9) US. patent application serial no. 09/559,122, 
attomey docket no. 25791 .23.02, filed on 4/26/2000, (10) PCX patent application 
serial no. PCT/USOO/18635, attomey docket no. 25791.25.02, filed on 7/9/2000, 
(11) U.S. provisional patent application serial no. 60/162,671, attomey docket no. 
25791.27, filed on 1 1/1/1999, (12) U.S. jM-ovisional patent application serial no. 
60/154,047, attomey docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent applicatitm serial no. 60/159,082, attomey docket no. 25791.34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attomey 
docket no. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application 
serial no. 60/159,033, attomey docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. . attomiey docket no. 

25791 .38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 
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60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 
provisional patent application serial no. • . attorney docket no. 

25791.45, filed on 7/2g/2000. (19) U.S. provisional patent appUcation serial no. 

_ . attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

5 provisional patent application serial no j. ..... . 

■ ) oiwiJlcjr UWK.CI no. 

25791.47, filed on 9/18/2000. the disclosures of which are incorporated herein by 
reference. More generally, the preexisting wellbore casing 1 5 may be coupled to 
another preexisting wellbore casing and/or may include one or more concentrically 
positioned tubular members. 
10 Referring to Fig. lb, an apparatus 100 for radially expanding a tubular 

member may then be positioned within the wellbore 10. The apparatus 100 includes 
a tubular support member 1 05 defining a passage 1 10 for conveying fluidic 
materials. An expansion cone 11 5 defining a passage 120 and having an outer, 
conical surface 125 for radially expanding tubular members is coupled to an end of 
15 the tubular support member 105. An annular conical over-expansion sleeve 130 
mates with and is removably coupled to the outer conical surfece 125 of the 
expansion cone 1 15. In several alternative embodiments, the over-expansion sleeve 
1 30 is fabricated from frangible materials such as. for example, ceramic materials, in 
order to facilitate the removal of the over-expansion sleeve during operation of the 
20 apparatus 100. In this manner, the amount of radial expansion provided by the 
apparatus may be decreased following the removal of the over-expansion sleeve 
130. 

An expansion cone launcher 135 is movably coupled to and supported by the 
expansion cone 115 and the over-expansion sleeve 130. The expansion cone 
launcher 1 35 include an upper portion having an upper outer diameter, an 
intermediate portion that mates with the expansion cone 1 15 and the over-expansion 
sleeve 130, an a lower portion having a lower outer diameter. The lower outer 
diameter is greater than the yxpper outer diameter. A shoe 140 defining a valveable 
passage 145 is coupled to the lower portion of the expansion cone launcher 135. In 
a preferred embodiment, the valveable passage 145 may be controllably closed in 
order to fluidicly isolate a region 150 below the expansion cone 1 15 and bounded by 
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the lower portion of the expansion cone launcher 135 and the shoe 140 from the 
region outside of the apparatus 1 00. 

An expandable tubular member 1 55 is coupled to the upper portion of the 
expansion cone launcher 135. One or more sealing members 160a and 160b are 
5 coupled to the exterior of the upper portion of the expandable tubular member 1 55* 
In several altemative einbodiments» the sealing members 160a and 160b may 
include elastomeric elements and/or metallic elements and/or composite elements. 
In several altemative embodiments, one or rnore anchoring elements may substituted 
for, or used in addition to, the sealing members 160a mid 160b. 

10 In a preferred embodiment, the support member 105, the expansion cone 115, 

the expansion cone launcher 135, the shoe 140, and the expandable tubular member 
155 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139. attorney docket no. 25791.03.02, filed on 
12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 

15 25791.7.02, filed on 2/23/2000, (3) U.S. patent apphcation serial no, 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S: patent s^lication serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
^^lication smal no. 09/523,460, attorney docket no. 25791 .1 1.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 

20 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000, (10) PCT patent plication serial no. PCT/USOO/18635, attorney docket 

25 no. 2579 1 .25 .02, filed on 7/9/2000, ( 1 1 ) U. S. provisional patent application serial 
no. 60/162,671, attorney docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patent apphcation serial no. 60/154,047, attorney docket no. 25791.29, 
. filed on 9/16/1999, (13) U.S. provisional patent apphcation serial no. 60/159,082, 
attorney docket no. 25791 .34, filed on 10/12/1999, (14) U.S. provisional patent 

30 application serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patrat application serial no. 60/159,033, attorney docket no. 



25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

. • , attorney docket no. 2579138, filed on 6/19/2000, (1 7) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

J attorney docket no. 25791 .45, filed on 7/28/2000, (1 9) U.S. 

provisional patent £q>plication serial no. , attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by reference. 

As illustrated in Fig. lb, in a preferred embodiment, during placement of the 
apparatus 100 within the wellbore 10, fluidic materials 165 within the wellbore 10 
are conveyed through the apparatus 100 through the passages 110, 120 and 145 to a 
location above the ^aratus 100. In this manner, surge pressures during placement 
of the apparatus 100 within the wellbore 1 0 are reduced. In a preferred embodiment, 
the apparatus 1 00 is initially positioned within the wellbore 10 such tiiat tiie top 
portion of the tubular membw 155 overlaps with tfie preexisting casing 15. In this 
manner, the upper portion of the expandable tubular member 155 may be radially 
expanded into contact with and coupled to the preexisting casing 1 5. As will be 
recognized by persons having ordinary skill in the art, the precise initial position of 
the expandable tubular member 1 55 will vary as a function of the amount of radial 
expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular member. 

As illustrated in Fig. Ic, a fluidic material 170 may then be injected through 
the apparatus. 1 00 through the passages 1 1 0, 1 20, and 145 in order to test the propo: 
operation of these passages. 

As illustrated in Fig. Id, a hardenable fluidic sealing material 1 75 may then 
be injected throu^ the apparatus 100 through the passages 110, 120 and 145 into 
the annulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 1 0 may be formed around the 
radially expanded expansion cone launcher 135 and expandable tubular member 
155. The hardenable fluidic sealing material may include, for example, a cement 
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mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 175 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 1 75 is compressible, before, during and/or after, 
the curing process. 

As illustrated in Fig. le, a non-hardenable fluidic material 180 may then be 
injected into the apparatus ftrough the passages 110 and 120. A ball plug 1 85, or 
other similar device, may then be injected with the fluidic material 1 80 to thereby 
seal off the passage 145. In this manner, the region 150 may be pressurized by the 
continued injection of the fluidic material 180 into the J5)paratus 100. 

As illustrated in Fig. If, the continued injection of the fluidic material 180 
into the apparatus 100 causes the expansion cone launch^ 135 and expandable 
tubular member 1 55 to be plastically deformed and radially expanded ofif of the 
over-expansion sleeve 130. In this manner, the expansion cone 1 15 and over- 
expansion sleeve 1 30 are displaced relative to the expansion cone launcher 135 and 
expandable tubular member 1 55 in the axial direction. 

After a predetermined time period and/or after a predetermined axial 
displacement of the expansion cone 1 15 relative to the expansion cone launcher 135 
and expandable tubular member 155, the over-expansion sleeve 130 may be 
renK)ved from the outer conical surface 125 of the expansion cone 1 15 by the 
plication of a predetermined iq)ward shock load to the support member 105. In a 
preferred embodiment, the shock load causes the frangible over-expansion sleeve 
130 to fracture into small pieces that are then forced off of the outer conical surface 
125 of the e;q>ansion cone 1 15 by flie continued pressurization of the region 150. In 
a preferred embodiment, the pieces of the over-expansion sleeve 130 are pulverized 
into grains of material by the continued pressurization of the region 1 50. 

Referring to Fig. Ig, following the removal of the frangible over-expansion 
sleeve 130, the continued pressurization of the region 150 causes the expandable 
tubular member 1 55 to be plastically deformed and radially expanded and extruded 
off of the outer conical surface 125 of the expansion cone 115. Note that the amount 
of radial expansion provided by the outer conical surface 125 of expansion cone 1 15 
is less than the amount of radial expansion provided by the combination of the over- 
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expansion sleeve 130 and the expansion cone 115. In this manner, as illustrated in 
Fig. Ih, a recess 185 is formed in the radially expanded tubular member ISS. 

After conipleting the plastic defcHmation and radial expansion of &e tubular 
member 155, the hardmable fluidic sealing material is allowed to cure to thereby 
5 fonn an anrrular body ! 9G that provides a barrier to fluid ilow mto or out of the 
wellbore 10. 

Referring to Fig. li, the shoe 1 40 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
10 to the bottom portion of the plastically deformed and radially expanded tubular 
member 155. 

Referring to Fig. lj» a tubular member 200 may then be piastically deformed 
and radially expanded iising any number of conventional methods of radially 
expanding a tubular member. In a preferred embodiment, the upper portion of the 

1 5 radially expanded tubular member 200 overlaps with and mates with the recessed 
portion 1 85 of the tubular member 155. In a preferred embodiment, one or more 
sealing members 205 are coupled to the exterior sinface of tfie upper portion of flie 
tubular member 200. In a preferred embodiment, the sealing members 205 seal the 
interface between the upper portion of the tubular member 200 and the recessed 

20 portion 185 of the tubular member 155. In several alternative embodiments, the 
sealing members 205 may include elastomeric elements and/or metaUic elements 
and/or composite elements. In several alternative embodiments, one or more 
anchoring elements may substituted for, or used in addition to, the sealing members 
205. In a preferred embodiment, an annular body 2 10 of a hardenable fluidic sealing 

25 material is also formed around the tubular member 200 using one or more 
conventional methods. 

In a preferred embodiment, the tubular member 200 is plastically deformed 
and radially expanded, and the annular body 210 is formed using one or more of the 
apparatus and methods disclosed in the following: ( 1 ) U.S. patent application serial 

30 no. 09/454,139, attorney docket no. 25791.03.02, filed on 12/3/1999, (2) U.S. patent 
application serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
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2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02. filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, 
attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application 
serial no. 09/523,460, attorney docket no. 25791 . 1 1.02, filed on 3/10/2000, (6) U.S. 
5 patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 
2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attorney docket no. 
25791.16.02, filed on 2/24/2000, (8) U.S. patent application serial no. 09/588,946, 
attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.s! patent application serial 
no. 09/559,122, attorney docket no. 25791 .23,02, filed on 4/26/2000, (10) PCT 

10 patent application smal no. PCT/USOO/18635, attorney docket no. 25791 .25.02, 
filed on 7/9/2000, (11) U.S. provisional patent application serial no. 60/162,671, 
attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. provisional patent 
q)plication serial no, 60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, 
(13) U.S. provisional patent application serial no. 60/159,082, attorney docket no. 

15 25791.34, filed on 10/12/1999, <14) U.S. provisional patent application serial no. 
60/159,039, attorney docket no. 25791.36, ffled on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attorney docket no. 25791.37, 
filed on 10/12/1999, (16) U.S. provisional patent application serial no. 
, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

20 provisional patent application serial no. 60/165,228, attorney docket no. 2579 1 .39, 
filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. , attohiey docket no. 

25791 .46, filed on 7/28/2000, and (20) U.S. provisional patent plication serial no. 

25 , attorney docket no. 25791.47, filed on 9/1 8/2000, the disclosures 

of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 210 may be omitted In 
several alternative embodiments, the annular body 210 may be radially conprcssed 
before, dxuing and/or after curing. 

30 Referring to Fig. Ik, an expansion cone 21 5 may then be driven in a 

downward direction by fluid pressure and/or by a support member 220 to plastically 
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deform and radially expand the tubular member 200 such that the interior diameter 
of the tubular members ISS and 200 are substantially equal. In this manner, as 
illustrated in Fig. 1 1, a mono-diameter wcllbore casing may be formed. In a 
preferred embodiment, during the displacement of the expansion cone 215 in the 
5 downward direction, fluidic matcriais displaced by the expansion cone are conveyed 
out of the wellbore by an internal passage 220a defined witfiin the support member 
220. 

Referring to Figs. 2a and 2b, in an altemative embodiment, an apparatus 300 
for radially expanding a tubular member may then be positioned within the wellbore 

10 10. The apparatus 300 includes a tubular support member 305 defining a passage 
' 310 for conveying fluidic materials. An expansion cone 315 defining a passage 320 
and having an outer ccMiicai surface 325 for radially expaiKiihg tubular members is 
coupled to an end ofthe tubular siqjport member 305. An aimular conical over- 
expansion insert 330 mates with and is removably coupled to the outer conical 

1 5 surface 325 of the expansion cone 315. 

An expansion cone launcher 335 is movably coupled to and supported by the 
expansion cone 315 and the over-expansion insert 330. The expansion cone 
launcher 335 includes an upper portion having an upper outer diameter, an 
intermediate portion that mates with the expansion cone 315 and the over-expansion 

20 insert 330, an a lower portion having a lower outer diameter. The lower outer 

diameter is greater than the upper outer diameter. A shoe 340 defining a valveable 
passage 345 is coupled to the lower portion of the expansion cone launcher 335. In 
a preferred embodiment, the valveable passage 345 may be controUably closed in 
order to fluidicly isolate a region 350 below the expansion cone 3 1 5 and bounded by 

25 the lower portion of the e;q)ansion ccme launcher 335 and the shoe 340 from the 
region outside of the apparatus 300. 

In a prefOTed embodiment, as illustrated in Fig. 3, ttie over-expansion insot 
330 includes a plurality of spaced-apart arcuate mserts 330a, 330b^ 330c and 330d 
that are positioned between the outer conical surface 325 of the expansion cone 3 1 5 

30 and the inner surface of the intermediate portion of the expansion cone launcher 335. 
In this manner, the relative axial displacement of the expansion cone 315 and the 
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expansion cone launcher 335 will cause the expansion cone to over-expand the 
intermediate portion of the expansion cone launcher. In this manner, a recess may 
be formed in the radially expanded expansion cone launcher 335. In several 
alternative embodiments, the inserts 330a, 330b, 330c, and 330d fall out of the 
5 recess and/or are removed from the recess using a conventional retrieval tool upon 
the con^letion of the radial expansion process. 

In an alternative embodimeait, as illustrated in Fig. 3a, tfie over expansion 
insert 330 further includes intermediate resilient members 331a, 331b, 331c, and 
33 1 d for resiliently coupling the inserts 330a, 330b, 330c, and 330d. In this manner, 
1 0 upon the completion of the radial expansion process, the resilient force exerted by 
the resilient members 33 1 causes the ovo'-expansion insert to collapse in the radial 
direction and thereby fall out of the recess. 

An expandable tubular member 355 is coupled to the upper portion of the 
expansion cone launcher 335. One or more sealing members 360a and 360b are 
1 5 coi^led to the exterior of the upper portion of the expandable tubular member 355. 
In several alternative embodiments, the sealing members 360a and 360b may 
include elastomeric elemmts and/or metallic elements and/or conqwsite elements. 
In several alternative embodiments, one or more anchoring elements may substituted 
for, or used in addition to, flie sealing members 360a and 360b. 
20 In a preferred embodiment, the siqiport member 305, the expansion cone 315, 

the expansion cone launcher 335, the shoe 340, and the expandable tubular member 
355 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed on . 
.12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 2579 1 .8.02, filed on 2/1 0/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791 . 1 1 .02, filed on 
3/1 0/2000, (6) U.S. patent application serial no. 09/5 1 2,895, attorney docket no. 
30 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent appbcation 
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serial no. 09/588,946, attorney docket no. 25791 . 1 7.02, filed on 6nil(m, (9) U.S. 
patent plication s«ial no. 09/559,122, attorney docket no. 25791 .23.02, filed on 
4/26/2000. (10) PCX patent application serial no. PCT/USOO/18635, attorney docket 
no. 25791 .25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 

^ iiw. MMt 1, aiiuiu^jr uin;&ci iiu. itj / y i /, iiicu on 1 1/ 1/ 1 ^y:^, (iz) u.O. 

provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 
application serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 

10 (15) U.S. provisional patent application serial no. 60/159,033, attorney docket no. 
25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. • 

, iiiiomey aocK.cinu. zj/yi.^o, ineaon ony/Lxjw^ (i u.d. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed cm 1 1/12/1999, (1 8) U.S. provisional patent application serial no. 

15 , attorney docket no. 25791.45, filed on laWSm, (19) U.S. 

provisional patent application serial no. , attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney 4ocket no. 25791.47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by reference. 

20 As illustrated in Fig. 2b, in a preferred embodiment, during placement of the 

apparatus 300 within the wellbore 10, fluidic materials 365 within the wellbore 10 
are conveyed tlrough the apparatus 300 through the passages 310, 320 and 345 to a 
location above the apparatus 300. In this manner, sxirge presstires during placement 
of the apparatus 300 within the weUbore 10 are reduced. In a preferred embodiment, 

25 the apparatus 300 is initially positioned within the wellbore 10 such that the top 
portion of the tubular member 355 overlaps with the preexisting casing 15. In this 
mann^, the wp^ portion of the expandable tubular member 355 may be radially 
•expanded into contact with and coupled to the preexisting casing 1 5. As will be 
recognized by persons having ordinary skill in the art, flie precise initial position of 

30 the expandable tubular member 355 will vary as a fimction of the amount of radial 
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expansion, the amoxmt of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular member. 

As illustrated in Fig. 2c, a fluidic material 370 may then be injected through 
the apparatus 300 through Ae passages 310, 320, and 345 in order to test the proper 
operation of these passages. 

As illustrated in Fig. 2d, a hardenable fluidic sealing material 375 may then 
be injected ftrough the apparatus 300 through the passages 3 1 0, 320 and 345 into 
the annulus between the apparatus and the wellbore 10. In this mann^, an annular 
barrier to fluid migration into and out of the wellbore 10 may be formed around the 
radially expanded expansion cone launcher 335 and expandable tubular member 
355. The hardenable fluidic sealing material may include, for example, a cement 
mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing material 375 may be omitted. In several alternative embodiments, the 
hardenable fluidic waling material 375 is compressible, before, during and/or after, 
the curing process. 

As illustrated in Fig* 2e, a non-hardenable fluidic material 380 may then be 
injected into the apparatus through the passages 3 10 and 320. A ball plug 385, or 
other similar device, may thm be injected with the fluidic material 380 to thereby 
seal off the passage 345. In this manner, the region 350 may be pressurized by the 
continued injection of the fluidic material 380 into the apparatus 300. 

As illustrated in Fig. 2f, the continued injection of the fluidic material 380 
into the apparatus 300 causes the expansion cone launcher 335 to be plastically 
deformed and radially expanded off of the over-expansion insert 330. In this 
manner, the expansion cone 3 1 5 is displaced relative to the expansion cone launcher 
335 and expandable tubular member 355 in the axial direction. 

Once the radial expansion process has progressed beyond the over-expansion 
insert 330, the radial expansion of the expansion cone launchCT 335 and expandable 
tubular member 355 is provided solely by the outer conical surface 325 of the 
expansion cone 315. Note that the anK>unt of radial expansion provided by the outer 
conical surface 325 of expansion cone 315 is less than the amount of radial 
e>q}ansion provided by tihe combination of the over-expansion insert 330 and the 
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expansion cone 3 1 5. In this manner, as illustrated in Fig. 2g, a recess 390 is fonned 
in the radially expanded tabular member 355. 

In several alternative embodiments, the over-expansion insert 330 is removed 
from the recess 390 by falling out and/or removal using a conventional retrieval tool. 
5 In an altOTiative embodiment, the resilient force provided by the resihent members 
331a, 331b, 331c, and 331d cause the insert 330 to collapse in the radial direction 
and thereby fall out of the recess 390. In an alternative embodiment, as illustrated in 
Fig. 4, one or more resihent hooks 395a and 395b are coupled to the bottom of die 
expansion cone 3 1 5 for retrieving the over-expansion ins^t 330 during or after the 
1 0 conq)letion of the radial expansion process. 

After completing the plastic defOTmation and radial otpansion of the tubular 
member 355, the hardenable fluidic seaUng material is allowwl to cure to thereby 
form an annular body .400 that provides a barrier to fluid flow into or out of the 
wellbore 10. 

1 5 Referring to Fig. 2h, the shoe 340 may then removed by drilling out the shoe 

using a conventional drilling device. A new section of the wellbore 10 may also be 
drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular 
member 355. 

20 Referring to Fig. 2i, a tubular member 405 may then be plastically deformed 

and radially expanded using any number of conventional methods of radially 
expanding a tubular member. In a preferred embodiment, the upper portion of the 
radially expanded tubular member 405 overlaps with and mates with the recessed 
portion 390 of fte tubular member 355. In a preferred embodiment, one or more 

25 sealing members 410 are coupled to the extarior surface of the upper portion of the 
tubular member 405. In a preferred embodimrat, the sealing members 410 seal the 
mterface between the i^iper potion of tiie tubular member 405 and the recessed 
portion 390 ofthe tubular member 355. In several alternative embodiments, the 
sealing members 4 1 0 may include elastomeric elements and/or metallic elements 

30 and/or con^site elements. In several alternative embodiments, one or more 

anchoring elements may substituted for, or used in addition to, the sealing members 
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410. In a preferred embodiment, an annular body 415 of a hardenable fluidic sealing 
material is also formed aroxmd the tubular member 405 using one or more 
convoitional methods. 

In a prefored embodiment, the tubular memhet 405 is plastically deformed 
5 and radially expanded, and ttie annular body 415 is formed using one or more of the 
^aratus and methods disclosed in the following: (1) U.S. patrait application serial 
no. 09/454,139, attorney dodket no. 25791 .03.02, filed on 12^/1999, (2) U.S. patent 
plication serial no. 09/510,913, attorney docket no. 25791.7.02, filed on 
2/23/2000, (3) U.S. patent application serial no. 09/502,350, attorney docket no. 
25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial no. 09/440,338, 
attorney docket no. 25791.9.02, filed on .1 1/1 5/1999, (5) U.S. patent application 
serial no. 09/523,460, attorney docket no. 2579 1.11 .02, filed on 3/1 0/2000, (6) U.S. 
patent application serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 
2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, attorney dodtet no. 
2579 1 1 6.02, filed on 2/24/2000, (8) U.S. patent aqsplication serial no. 09/588,946, 
attorney docket no. 25791. 1 7.02, filed on 6/7/2000, (9) U.S. patent application serial 
no. 09/559,122, attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCX 
patent application serial no. PCT/USOO/18635, attorney docket no. 25791.25.02, 
filed on 7/9/2000, (1 1) U.S. provisional patent application serial no, 60/162,671, 
attomey docket no. 25791.27, filed on 1 1/1/1999. (12) U.S. provisional patent 
application serial no. 60/1 54,047, attomey docket no. 25791.29, filed on 9/16/1999, 
(13) U.S. provisi<Hial patent application serial no. 60/159,082, attomey docket no. 
25791.34, filed on 10/12/1999, (14) U.S. provisional patent application serial no. 
60/159,039, attomey docket no. 25791.36, filed on 10/12/1999, (15) U.S. 
provisional patent application serial no. 60/159,033, attomey docket no. 25791.37, 
filed on 10/12/1999, (16) U.S. provisional patent application swial no. 

. attomey docket no. 25791 .38, filed on 6/19/2000, (17) U.S. 

provisional patent application saial no. 60/165,228, attomey docket no. 25791.39, 
filed on 1 1/12/1 999, (18) U.S. provisional patent implication serial no. 

attomey docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. __, attomey docket no. 
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25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791.47, filed on 9/18/2000, tbe disclosures 

of which are incorporated herein by reference. 

In an alternative embodiment, the annular body 415 may be omitted. In 
5 several aitemative embodiments, the annular body 415 may be radially con5)ressed 
before, during and/or after curing. 

Referring to Fig. 2j, an expansion cone 420 may then be driven in a 
downward direction by fluid pressure and/or by a support member 425 to plastically 
deform and radially expand the tubular member 405 such that the interior diameter 

10 of the tubiilar members 355 and 405 are substantially equal. In this manner, as 
illustrated in Fig. 2k, a mono-diametet wellbore casing may be formed. In a 
preferred embodiment, dining the displacement of fhe expansion cone 420 in the 
downward direction, fluidic materials displaced by be expansion cone are conveyed 
out of the wellbore by an internal passage 425a defined within fhe support member 

15 -425. 

Referring to Figs Sa-5b, in an aitemative embodiment, a tubular member 500 
having a shoe 505 may be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 15 using any number of 
conventional methods. An annular body of a fluidic sealing material 510 may also 

20 be formed around the tubular member 500 using any number of conventional 
methods. In a preferred embodiment, the tubular member 500 is plastically 
deformed and radially expanded and the annular body 5 10 is formed using one or 
more of the methods and apparatus disclosed in one or more of the following: (1) 
U.S. patent application serial no. 09/454,139, attorney docket no. 25791.03.02, filed 

25 on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent plication serial no. 09/502,350, 
attcMTiey docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
. no. 09/440,338, attorney docket no. 25791.9.02, filed on 1 1/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791 . 1 1 .02, filed on 

30 3/1 0/2000, (6) U.S. patent application serial no. 09/5 1 2,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941. 
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attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney docket no. 25791 .17.02, filed on 6/7/2000, (9) U.S. 
patent jqjplication serial no. 09/559, 1 22, attorney docket no. 2579 1 .23.02, filed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635, attorney docket 
5 no. 25791 .25.02, filed on 7/9/2000, (1 1) U.S. provisional patent q>plication serial 
no. 60/162,671, attoincy docket no. 25791.27, filed on 1 1/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent applicatiOT serial no. 60/159,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 
10 application serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
(15) U.S. provisional patent application serial no. 60/159,033. attorney docket ncf. 
25791.37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
15 filed on 1 1/12/1999, (18) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .45, filed on 7/28/2000, (19) U.S. 

provisional patent application serial no. , attorney docket no. 

25791 .46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791.47, filed on 9/18/2000, the disclosures 

20 of which are incorporated herein by reference. 

In several alternative ennbodiments, the annular body 510 may be omitted or 
may be conqnressible before, during, or after curing. 

Referring to Figs. 5c and 5d, a conventional inflatable bladder 515 may then 
be positioned within the tubular member 500 and inflated to a sufficient operating 
25 pressure to plastically deform and radially expand a portion of the tubular member 
to thereby form a recess 520 in the tubular member. 

Referring to Figs. 5e and 5f, the inflatable bladder 515 may then be removed 
and the shoe 505 drilled put using a conventional drilling device. 

Referring to Fig. 5g, an additional tubular member 525 may then be 
30 plastically deformed and radially expanded in a conventional manner and/or by 
using one or more of the n^thods and q^paratus described above in order to form a 
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mono-diameter wellbore casing! Before, during or after the radial expansion of the 
tubular member 525, an annular body 530 of a fluidic sealing material may be 
formed around the tubular member in a conventional manner and/or by using one or 
more of the methods and apparatus described above. 
5 In several alternative embodiments, the inflatable bladder 515 may be 

coupled to the bottom of an expansion cone in order to permit the over-expansion 
process to be performed during the radial expansion process implemented using the 
expansion cone. 

Referring to Figs 6a-6b, in an alternative embodiment, a tubular member 600 

10 having a shoe 605 nisLy be plastically deformed and radially expanded and thereby 
coupled to the preexisting section of wellbore casing 1 5 using any number of 
conventional methods. An annular body of a fluidic sealing material 610 may also 
be formed around the tubular member 600 using any number of conventional 
methods. In a preferred embodiment, the tubular member 600 is plastically 

1 5 deformed and radially expanded and the annular body 61 0 is formed xising one or 
more of the methods and apparatus disclosed in one or more of the following: (1 ) 
U.S. patent application serial no. 09/454,1 39, attorney docket no. 25791 .03.02, filed 
on 12/3/1999, (2) U.S. patent application serial no. 09/510,913, attorney docket no. 
25791.7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 

20 attorney docket no. 2579 1 .8.02, filed on 2/1 0/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791 .9.02, filed on 1 1/1 5/1 999, (5) U.S. patent 
application swial no. 09/523,460, attorney docket no. 25791.11.02, filed on 
3/10/2000, (6) U.S. patent application serial no. 09/512,895, attorney docket no. 
25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/511,941, 

25 attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000, (10) PCX patent application serial no. PCT/USOO/18635, attorney docket 
no. 25791.25.02, filed on 7/9/2000, (11) U.S. provisional patent application serial 

30 no. 60/162,671, attorney docketno. 25791.27, filed on li/1/1999, (12) U.S. 

provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
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filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 
attorney docket no. 25791 .34, filed on 10/12/1999, (14) U.S. provisional patent 
^plication serial no. 60/1 59,039, attorney docket no. 25791 .36, filed on 10/12/1999, 
(15) U.S. provisional patent application s^al no. 60/159,033, attorney docket no. 
5 25791 .37, filed on 10/12/1999, (16) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .38, filed on 6/1 9/2000, (1 7) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed on 1 1/1 2/1 999j (1 8) U.S. provisional patent application serial no. 
, attorney docket no. 25791.45, filed on 7/28/2000, (19) U.S. 

10 provisional patent application serial no. , attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

, attorney docket no. 25791.47, filed on 9/18/2000, the disclosures 

of which are incorporated herein by reference. 

In several alternative embodiments, the annular body 610 may be omitted or 

1 5 • may be conq^ressible before, during, or after curing. 

Referring to Figs. 6c and 6d, a conventional roller expansion device 615 may 
then be positioned within the tubular member 600 and operated in a conventional 
manner apply a radial force to the interior surface of the tubular member 600 to 
plastically deform and radially expand a portion of the tubular member to thereby 

20 form a recess 620 in the tubular member. As will be recognized by persons having 
ordinary skill in the art, a roller expansion device typically utilizes one or more 
rollers that, through rotation of the device, apply a radial force to the interior 
surfaces of a tubular member. In several alternative embodiments, the roller 
expansion device 615 may include eccentric rollers such as, for example, as 

25 disclosed in U.S. Pat Nos. 5,014,779 and 5,083,608, the disclosures of which are 
incorporated herein by reference. 

Referring to Figs. 6d and 6e, the roller expansion device 615 may then be 
removed and the shoe 605 drilled out using a conventional drilling device. 
Referring to Fig. 6f, an additional tubular member 625 may then be 

30 plastically deformed and radially expanded in a conventional manner and/or by 
using one or more of the methods and apparatus described above in order to form a 
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mono-diameter wellbore casing. Before, during or after the radial expansion of the 
tubular member 625, an annular body 630 of a fluidic sealing material may be 
formed around flie tubular member in a conventional mann^ and/or by using one or 
more of the methods and apparatus described above. 
5 In several alternative embodiments, the roller expansion device 6 1 5 may be 

coupled to ihe bottom of an expansion cone in order to permit the over-expansion 
process to be performed during the radial expansion process implemented using the 
expansion cone. 

Referring initially to Fig. 7a, a wellbore 10 includes a preexisting wellbore 

1 0 casing 1 5. The wellbore 1 0 may be oriented in any orientation from the vertical to 
the horizontal. The preexisting wellbore casing 1 5 may be coiqjled to the upper 
portion of the wellbore 10 using any numter 6f conventional methods. In a 
preferred embodiment, the wellbore casing 1 5 is coupled to the upper portion of thp 
wellbore 10 using one or more of the methods and apparatus disclosed in one or 

15 more of the following: (1) U.S. patent jqjplication serial no. 09/454,139, attorney 
docket no, 25791.03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 
application serial no. 09/502,350, attorney docket no. 25791.8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 

20 25791.9.02, filed oh 1 1/15/1999, (5) U.S. patent application serial lio. 09/523,460, 
attorney docket no. 25791.1 1.02, filed on 3/10/2000, (6) U.S. patent application 
serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on. 
.2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 

25 25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559,122, 
attorney docket no. 2579L23.02, filed on 4/26/2000, (10) PCT patent application 
serial no. PCT/USOO/18635, attorney docket no. 2579L25.02, filed on 7/9/2000, 
(1 1) U.S. provisional patrat sqiplication serial no. 60/162,671 , attorney docket no.. 
25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 

30 60/1 54,047. attorney docket no. 25791 .29, filed on 9/16/1999, (13) U.S. provisional 
patent ^plication serial no. 60/159,082, attorney docket no. 25791.34, filed on 
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10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
. docket no. 25791 .36, filed on 10/12/1999. (15) U.S. provisional patent application 

serial no. 60/159.033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. , attorney docket no. 

5 25791.38, filed on 6/19/2000, (17) U.S. provisional patent ^plication serial no. 

60/165,228, attorney docket no. 25791,39, filed on 1 1/12/1999, (18) U.S. 

provisional patent ^plication serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 2579 L46, filed on 7/28/2000, and (20) U.S. 

1 0 provisional patent application serial no. , attorney docket no. ■ 

25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 

reference. More generally, the preexisting wellbore casing 15 may be coupled to 

another preexisting wellbore casing and/or may include one or more concentrically 

positioned tubular members. 
1 5 Refening to Fig. 7b, an apparatus 700 for radially expanding a tubular 

member may then be positioned within the wellbore 1 0. The ^aratiis 700 includes 

a tubular siqpport member 705 defining a passage 710 for conveying fluidic 

materials. An expansion cone 715 defining a passage 720 and having an outer 

conical surface 725 for radially expanding tubular members is coupled to an end of 
20 the tubular support member 705. 

An expansion cone launcher 735 is movably coupled to and supported by the 

expansion cone 715. The expansion cone launcher 735 includes an upper portion 

735a having an upper outer diameter, an intermediate portion 735b that mates with 

the expansion cone 71 5, and a lower portion 735c having a lower outer diameter. 
25 The lower outer diameter is greater than the upper outer diameter. The expansion 

cone launcher 735 further mcludes a recessed portion 735d having an outer diameter 

that is less than the lower outer diameter. 

A shoe 740 defining a valveable passage 745 is coupled to the lower portion 

of the expansion cone launcher 735. In a preferred embodiment, the'valveable 
30 passage 745 may be controUably closed in order to fluidicly isolate a region 750 

below the expansion cone 715 and bounded by tihe lower portion 735c of the 
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expansion cone launcher 735 and the shoe 740 from the region outside of the 
apparatus 700. 

An expandable tubular member 755 is coupled to the upper portion 735a of 
the expansion cone launcher 735, One or more sealing members 760a and 760b 

5 may be coupled to the exterior of the upper portion of the expandable tubular 
membw 755. In several alternative embodiments, the sealing members 760a and 
760b may include elastomeric elements and/or metallic elements and/or composite 
elements. In several alternative embodiments, one or more anchoring elements may 
substituted for, or used in addition to, the sealing members 760a and 760b. 

10 ta a preferred embodiment, the support member 705, the expansion cone 715, 

the expansion cone launcher 735, the shoe 740, and Ae expandable tubular metobcr 
755 are provided substantially as disclosed in one or more of the following: (1) U.S. 
patent sq^plication serial no. 09/454,139, attorney docket no. 25791 .03.02, filed on 
12/3/1999, (2) U.S. patent application serial no. 09/5 10,913, attmiey docket na 

1 5 25791 .7.02, filed on 2/23/2000, (3) U.S. patent application serial no. 09/502,350, 
attorney docket no. 25791.8.02, filed on 2/10/2000, (4) U.S. patent application serial 
no. 09/440,338, attorney docket no. 25791.9.02, filed on 11/15/1999, (5) U.S. patent 
application serial no. 09/523,460, attorney docket no. 25791.11.02, filed on 
3/10/2000, (6) U.S. patent ^phcation serial no. 09/512,895, attorney docket no. 

20 25791.12.02, filed on 2/24/2000, (7) U.S. patent application serial no. 09/51 1,941, 
attorney docket no. 25791.16.02, filed on 2/24/2000, (8) U.S. patent application 
serial no. 09/588,946, attorney docket no. 25791.17.02, filed on 6/7/2000, (9) U.S. 
patent application serial no. 09/559,122, attorney docket no. 25791.23.02, filed on 
4/26/2000, (10) PCT patent application serial no. PCT/USOO/18635, attorney docket 

25 no. 25791 .25.02, filed on 7/9/2000, (1 1) U.S. provisional patent application serial 
no. 60/162,671, attorney docket no. 25791.27, filed on 11/1/1999, (12) U.S. 
provisional patent application serial no. 60/154,047, attorney docket no. 25791.29, 
filed on 9/16/1999, (13) U.S. provisional patent application serial no. 60/159,082, 
attorney docket no. 25791.34, filed on 10/12/1999, (14) U.S. provisional patent 

30 application serial no. 60/159,039, attorney docket no. 25791.36, filed on 10/12/1999, 
(1 5) U.S. provisional patent q>plication serial no. 60/159,033, attorney docket no. 
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2579137, filed on 10/12/1999, (16) U.S. provisional patent application serial no. " 

, attorney docket no. 25791.38, filed on 6/19/2000, (17) U.S. 

provisional patent application serial no. 60/165,228, attorney docket no. 25791.39, 
filed on 1 1/12/1999^ (18) U.S. provisional patent application serial no. 

5 , attorney docket no. 25791 .45, filed on 7/28/2000, (19) U.S. 

provisional patent zqyplication serial no. , attorney docket no. 

25791.46, filed on 7/28/2000, and (20) U.S. provisional patent application serial no. 

_, att<Miiey docket no. 25791 .47, filed on 9/1 8/2000, Ae disclosures 

of which are incorporated herein by reference. 

10 As illustrated in Fig. 7b, in a preferred embodiment, during placement of the 

apparatus 700 within the wellbore 10, fluidic materials 765 within the wellbore 10 
are conveyed through the q>paratus 700 through the passages 710, 720 and 745 to a 
location above the apparatus 700. In this manner, surge pressures during placement 
of the apparatus 700 within the wellbore 10 are reduced In a preferred embodiment, 

15 the apparatus 700 is initially positioned within the wellbore 10 such that the top 
portion of the tubular member 755 overlaps with the preexisting casing 15. In this 
manner, the upper portion of the expandable tubular member 755 may be radially 
expanded into contact with and coupled to the preexisting casing 1 5. As will be 
recognized by persons having ordinary skill in the art, the precise initial position of 

20. the expandable tubular member 755 will vary as a fimction of Ae amoimt of radial 
expansion, the amount of axial shrinkage during radial expansion, and the material 
properties of the expandable tubular member. 

As illustrated in Fig. 7c, a fluidic material 770 may then be injected through 
the apparatus 700 through the passages 710, 720, and 745 in order to test the proper 

25 operation of these passages. 

As illustrated in Fig. 7d, a hardenable fluidic sealing material 775 may then 
be injected through the apparatus 700 through the passages 710, 720 and 745 into 
the annulus between the apparatus and the wellbore 10. In this manner, an annular 
barrier to fluid migration into and out of the wellbore 1 0 may be formed around the 

30 radially expanded expansion cone launcher 735 and expandable tubular member 
755. The hardenable fluidic sealing material may include, for example, a cement 
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mixture. In several alternative embodiments, the injection of the hardenable fluidic 
sealing matmal 775 may be omitted. In several alternative embodiments, the 
hardenable fluidic sealing material 77S is compressible, before, during and/or aft^, 
the curing process. 

5 As illustrated in Fig. 7e, a non-hardenable fluidic material 780 may then be 

injected into the ajq^aratus through the passages 710 and 720. A ball plug 785, or 
other similar device, may then be injected with the fluidic material 780 to thereby 
seal off the passage 745. In this maimer, the region 750 may be pressurized by the 
continued injection of the fluidic material 780 into the apparatus 700. 

1 0 As illustrated in Figs. 7f and 7g, the continued injection of the fluidic 

material 780 into the apparatus 700 cau$es the expansion cone launcher 735 and 
expandable tubular member 755 to be plastically deformed and radially expanded 
ofiT of the o^ansion cone 71 5. The resulting structure includes a lip 790. 

After completing the plastic deformation and radial expansion of the tubular 

1 5 member 755, the hardenable fluidic sealing material is allowed to cure to thereby 
fonn an annular body 795 that provides a barrier to fluid flow into or out of the 
wellbore 10. 

Referring to Fig. 7h, the shoe 740 may then removed by drilling out the shoe 
using a conventional drilling device. A new section of the wellbore 10 may also be 
20 drilled out in order to permit additional expandable tubular members to be coupled 
to the bottom portion of the plastically deformed and radially expanded tubular 
member 755. 

Referring to Fig. 7i, an additional tubular member 800 may then be 
plastically deformed and radially expanded in a conventional manner and/or by 

25 using one or more of the methods and apparatus described above in order to form a 
mono-diameter wellbore casing. Before, during or after the radial expansion of the 
tubular member 800, an annular body 805 of a fluidic sealing material may be 
' formed around the tubular member in a conventional manner and/or by using one or 
more of the methods and apparatus described above. In a preferred embodiment, the 

30 lip 790 facilitates the coupling of the tubular member 800 to the tubular member 755 
by providing a region on which the tubular member 800 may be easily coupled onto. 
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Referring to Fig. 8a, in an altonative embodiment, a wellbore 10 includes a 
preexisting stetion of wellbore casing 15 and 900. The wellbore casing 900 
includes sealing inembers 90Sa and 90Sb and a recess 910. An annular body 915 of 
a fluidic sealing material may also be provided around the casing 900. The casing 
5 900 and annular body 915 may be provided using any number of conventional 
methods, the methods described above, and/or using one or more of the methods 
disclosed in the following: (1) U.S. patent application sCTial no. 09/454,139, attorney 
docket no. 25791.03.02, ffled on 12/3/1999, (2) U.S. patent application serial no. 
09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 

10 application serial no. 09/502,350, attorney docket no. 25791 .8.02, filed on 

2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
25791.9.02, filed on 1 1/15/1999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791.11.02, filed on 3/10/2000, (6) U.S. patent appHcation 
serial no. 09/512,895, attorney docket no. 25791 .12.02, filed on 2/24/2000, (7) U.S. 

15 patent application serial no. 09/511,941, attorney docket no. 25791.16.02, filed on 
2/24/2000, (8) U.S. patent application serial no. 09/588,946, attorney docket no. 
25791.17.02, filed on 6/7/2000, (9) U.S. patent appHcation serial no. 09/559,122, 
attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application 
serial no. PCT/USOO/18635, attorney docket no. 25791 .25.02, filed on 7/9/2000, 

20 (1 1) U.S. provisional patent application serial no. 60/162,671, attorney docket no. 
25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 
60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 
patent application serial no. 60/159,082, attorney docket no. 25791 .34, filed on 
10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 

25 docketno. 25791.36, filed on 10/12/1999, (15) U.S. provisional patent application 
serial no. 60/159,033, attorney docket no. 25791.37, filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. _^ , attorney docket no. 

25791 38, filed on 6/1 9/2000, (17) U.S. provisional patent application serial no.. 
60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 

30 provisional patent application serial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 
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, attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional patent application serial no. , attorney docket no. 

2579 1 .47, filed on 9/1 8/2000, the disclosures of which are incorporated herein by 
reference. 

5 Referring to Fig. 8b, an apparatus 1000 for radially expanding a tubular 

member is then positioned within the wellbore 10 that includes a tubular support 
memba- 1005 that defines a passage 1010 for conveying fluidic materials. A . 
hydraulic locking device 1015 that defines a passage 1020 for conveying fluidic 
matmals that is fluidicly coupled to the passage 1010. The locking device 1015 

1 0 further includes inlet passages, 1 020a and 1 020b, actuating chambers, 1 025a and 
1025b, and locking members, 1030a and 1030b. During operation, the injection of 
fluidic materials into the actuating chambeirs, 1025a and 1025b, causes flie locking 
members, 1030a and 1036b, to be displaced outwardly in the radisil, direction. In this 
manner, the locking device 101 5 may be controUably coupled to a tubular member 

1 5 to thereby maintain tiie tubular member in a substantially stationary position. As 
will be recognized by persons having ordinary skill in the art, the operating 
pressures and physical shape of the inlet passages 1020, actuating chambers 1025, 
and locking members 1030 will determine the maximum amount of holding force 
provided by the locking device 1015. In several alternative embodiments, fluidic 

20 materials may be injected into the locking device 1015 using a dedicated fluid 
passage in order to provide precise control of the locking device. In several 
alternative embodiments, the locking device 1015 may be omitted and the tubular 
support member 1005 coupled directly to the tubular support member 1 035. 

One end of a tubular support member 1035 that defines a passage 1040 is 

25 coupled to the locking device 1015. The passage 1 040 is fluidicly coupled to the 
passage 1020. An e3q)ansion cone 1045 that defines a passage 1050 and includes an 
outer conical surface 1055 is coupled to another end of the tubular support member 
1035. An expansion cone launcher 1 060 is movably coupled to and supported by 
the expansion cone 1045. The expansion cone launcheir 1060 includes an upper 

30 portion 1060a having an upper outside diameter, an intermediate portion 1060b that 
mates witfi the expansion cone 1045, and a lower portion 1060c having a lower 
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outside diameter. The lower outside diameter is greater than the upper outside 
diameter. 

A shoe 1065 that defines a valveable passage 1070 is coupled to the lower 
nortion 1 OfiOc of the exnansion cone launcher 1060. In this manner, a region 1075 

A- - ~ ■ * - 

5 below &e expansion cone 1045 and bounded by the expansion cone launcher 1 060 
and the shoe 1065 may be pressurized and fluidicly isolated firom the annular region 
between tiie apparatus 1000 and iht wellbore 10. 

An expandable tubular member 1080 is coupled to the upper portion of the 
expansion cone launcher 1060. In several alternative embodiments, one or more 

1 0 sealing members are coupled to the exterior of the upper portion of the expandable 
tubular member 1 080, In several alternative embodiments, the sealing members 
may include elastomeric elements and/or metallic elements and/or composite 
elements. In several alternative embodiments, one or more anchoring elements may 
substituted for, or used in addition to, die sealing members. 

15 An expansion cone 1 085 defining a passage 1 090 for receiving the tubular 

support member 1005 includes an outer conical surface 1095. A tubular support 
member 1 100 defining a passage 1 105 for receiving the tubular siqjport member 
1005 is coupled to the bottom of the expansion cone 1085 for siq>porting and 
actuating flie expansion cone. 

20 In a preferred embodiment, the support members 1005 and 1035, the 

expansion cone 1045, the expansion cone launcher 1060, the shoe 1065, and the 
expandable tubular member 1080 are provided substantially as disclosed in one or 
more of the following: (1) U.S. patrat application serial no. 09/454,139, attorney 
docket no. 25791 .03.02, filed on 12/3/1999, (2) U.S. patent application serial no. 

25 09/510,913, attorney docket no. 25791.7.02, filed on 2/23/2000, (3) U.S. patent 
application serial no. 09/502.350, attorney docket no. 25791.8.02, filed on 
2/10/2000, (4) U.S. patent application serial no. 09/440,338, attorney docket no. 
• 25791 .9.02, filed on 1 1/1 5/1 999, (5) U.S. patent application serial no. 09/523,460, 
attorney docket no. 25791 , 1 1 .02, filed on 3/10/2000, (6) US. patrat application 

30 serial no. 09/512,895, attorney docket no. 25791.12.02, filed on 2/24/2000, (7) U.S. 
patent iq[)plication serial no. 09/51 1 ,941, attorney docket no. 25791 .16.02, filed oa 
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2/24/2000. (8) U.S. patent application serial no. 09/588,946, attorney docket no. 

25791.17.02, filed on 6/7/2000, (9) U.S. patent application serial no. 09/559.122, 

attorney docket no. 25791.23.02, filed on 4/26/2000, (10) PCT patent application 

sCTial no. PCT/USOO/18635, attorney docket no. 25791.25.02, filed on 7/9/2000, 
6 (i i) U.S. provisionai patent application serial no. 60/1 62,671 , attorney docket no. 

25791.27, filed on 1 1/1/1999, (12) U.S. provisional patent application serial no. 

60/154,047, attorney docket no. 25791.29, filed on 9/16/1999, (13) U.S. provisional 

patent application serial no. 60/159,082, attorney docket no. 25791.34, filed on 

10/12/1999, (14) U.S. provisional patent application serial no. 60/159,039, attorney 
10 docket no. 25791 .36, filed on 10/12/1999, (1 5) U.S. provisionial patent application 

serial no. 60/159,033, attorney docket no. 25791.37. filed on 10/12/1999, (16) U.S. 

provisional patent application serial no. attorney docket no. 

25791.38, filed on 6/19/2000, (17) U.S. provisional patent application serial no. 

60/165,228, attorney docket no. 25791.39, filed on 1 1/12/1999, (18) U.S. 
15 • provisional patent application sCTial no. , attorney docket no. 

25791.45, filed on 7/28/2000, (19) U.S. provisional patent application serial no. 

, attorney docket no. 25791 .46, filed on 7/28/2000, and (20) U.S. 

provisional pateait application serial no. , attorney docket no. 

25791.47, filed on 9/18/2000, the disclosures of which are incorporated herein by 
20 reference. 

As illustrated in Fig. 8b, in a preferred embodiment, during placement of the 
apparatus 1000 within the wellbore 10, fiuidic materials 11 10 within the wellbore 10 
are conveyed through the apparatus 1000 toou^ the passages 1010, 1020, 1040 and 
1070 to a location above the apparatus 1000. In this maimer, surge pressures during 

25 placement of the apparatus 1 000 within the wellbore 10 are reduced. In a preferred 
embodiment, the apparatus 1000 is initially positioned within the wellbore 10 such 
that the top portion of tfie tubular memher 1080 ov^laps with the recess 910 of the 
preexisting casing 900. In this manner, the upper portion of the expandable tubular 
member 1080 may be radially expanded into contact with and coiq^led to the recess 

30 9 1 0 of the preexisting casing 900. 
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As illustrated in Fig. 8c, a fluidic material 1115 may then be injected through 
the apparatus 1000 through the passages 1010, 1020, 1040, and 1070 in order to test 
Ae proper operation of Aese passages. 

As illustrated in Fig. 8d, a hardenable fluidic sealing material 1 120 may then 
5 be injected through the apparatus 1000 through the passages 1 01 0, 1020, 1040, and 
1 070 into the annulus between the apparatus and Ae wellbore 10. In this mamier, an 
annular barrier to fluid migration into and out of the wellbore 1 0 may be formed 
around the radially expanded expansion cone launcher 1060 and expandable tubular 
member 1080. The hardenable fluidic sealing material may include, for example, a 
10 cement mixture. In several alternative embodiments, the injection of the hardenable 
fluidic sealing material 1 1 20 may be omitted. In several alternative embodiments, 
the hardenable fluidic sealing material 1 120 is compressible, before, during and/or 
after, the curing process. 

As illustrated in Fig. 8e, a non-hardenable fluidic material 1 125 may then be 
15 injected into the apparatus 1000 through die passages 1010, 1020 and 1040. A ball * 
plug 1 1 30, or other similar device, may then be injected with the fltiidic material 
1 125 to thereby seal off the passage 1070. In this manner, flie region 1075 may be 
pressurized by the continued injection of the fluidic material 1 125 into the apparatus 
1000. Furthermore, in this manner, the actuating chambers, 1025a and 1025b, of the 
20 locking device 1015 may be pressurized. In this manner, the tubular member 1080 
may be held in a substantially stationary position by the locking device 1015. 

As illustrated in Fig. 8f, the expansion cone 1085 may then be actuated in the 
downward direction by a direct application of axial force using the support member 
1 100 and/or through the application of fluid force. The axial diqalacement of the 
25 expansion cone 1085 may plastically deform and radially expand the upper portion 
of the expandable tubular member 1080. In this manner, the upper portion of the 
expandable tubular member 1080 may be precisely coupled to the recess 910 of the 
preexisting casing 900. 

During the downward actuation of the expansiori cone 1085, the locking 
30 member 1015 preferably prevents axial di^lacement of the tubular member 1 080. 
In a prefOTed embodiment, the locking member 1015 is positioned proximate the 
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upper portion of the tubular member 1080 in order to prevent buckling of the tubular 
member 1080 during the radial expansion of the upper portion of the tubular 
member. In an alternative embodiment, the locking member 1015 is omitted and the 
interference between the intermediate portion 1 060b of the expansion cone launcher 
5 luou ano me expansion cuiic iuhj picvcuis uic iojuai uiapiav^iiK^ut luw vw^isu 
member 1080 during the radial expansion of the upper portion of flie tubular 
member. 

As illustrated in Fig. 8g, the expansion cone 1085 and 1 100 may then be 
raised out of die wellbore 10. 

10 As illustrated in Fig. 8h, the continued injection of the fluidic matCTial 1 125 

into the apparatus 1000 may then cause the expansion cone launcher 1060 and the 
expandable tubular member 1080 to be plastically deformed and radially expanded 
off of the expansion cone 1045. In this manner, the expansion cone 1045 is 
diq>laced relative to the expansion cone launcher 1060 and e>q)andable tubular 

15 membCT 1080 in the axial direction. In a preferred embodiment, the axial forces 
created during the radial expansion process are greater than the axial forces 
generated by the locking device 1015. As will be recognized by persons having 
ordinary skill in the art, the precise relationship between these axial forces will vary 
as a function of the operating characteristics of the locking device 1015 and the 

20 metallurgica] properties of the expansion cone launcher 1060 and expandable 

tubular 1080. In an alternative embodiment, the operating pressures of the actuating 
chambers, 1025a and 1025b, and the region 1075 are separately controllable by 
providing separate and dedicated fluid passages for pressurizing each. 

As illustrated in Fig. Si* aftCT conq)leting the plastic deformation and radial 

25 expansion of the tubular member 1(^0, the hardenable fluidic sealing material is 
allowed to cure to thereby form an annular body 1 130 that provides a barrier to fluid 
flow into or out of the wellbore 10. The shoe 1065 may then removed by drilling 
out the shoe using a conventional drilling device. A new section of the wellbore 10 
may also be drilled out in ordw to pamit additional expandable tubular members to 

30 be coupled to the bottom portion of the plastically deforrned and radially expanded 
tubular member 1 080. 
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In an alternative embodiment, the annular body 1 130 may be omitted. In 
several alternative embodiments, the annular body 11 30 may be radially compressed 
before, during and/or after curing. . 

Referring to Fig. 8j, the tubular member 1080 may be radially expanded 
5 again using one or more of the methods described above to provide an mono- 
diameter wellbore casing. 

Referring to Fig. 9a, a wellbore 1200 includes an upper preexisting casing 
1205 and a louder preexisting casing 1210. The casings, 1205 and 1210, may further 
include outer annular layers of fluidic sealing materials such as, for exanple, 
10 cement The ends of the casings, 1205 and 1210, are separated by a gap 1215. 

Referring to Fig. 9b, a tubular member 1220 may then be coupled to the 
opposing ends of the casings, 1205 and 1210, to thCTeby bridge the gap 1215. In a 
preferred embodiment, the tubular member 1220 is coupled to the opposing ends of 
the casings, 1205 and 1210, by plastically deforming and radially expanding the 
1 5 tubular member 1 220 using one or more of the metfiods and apparatus described and 
referenced above. 

Referring to Fig. 9c, a radial expansion device 1225 may then be positioned 
within the tubular member 1220. In a preferred cmbodinwnt, the length of the radial 
expansion device 1225 is greater tfian or equal to the axial length of the tubular 

20 member 1220. In several alternative embodiments, the radial expansion device 1225 
may be any number of conventional radial expansion devices such as, for exanq)le, 
expansion cones actuated by hydraulic and/or direct axial force, roller expansion 
devices, and/or expandable hydraulic bladders. 

Referring to Figs. 9d and 9e, after actuation and subsequent de-actuation and 

25 removal of the radial expansion device 1225, the inside diameters of the casings, 
1205 and 1210, are substantially equal to the inside diameter of the tubular member 
1220. In this manner, a mono-diameter wellbore casing may be formed. 

Referring to Fig. 10, a wellbore 1300 includes an outer tubular member 1305 
and an- inner tubular member 1310. In a preferred embodiment, the tubular 

30 memb«^ .1305 and 1310, are plastically deformed and radially expanded using one 
or more of the methods and apparatus described and referenced above. In this 
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maimer; a wellbore casing may be provided whose burst and collapse strength may 
be precisely controlled by varying the number, thickness, md/or material properties 
of the tubular members, 1 305 and 1310. 

Referring to Fig. 1 la, a wellbore 1400 includes a casing 1405 that is coupled 
5 to a preexisting casing 141 0. in a preferred embodiment, one or more sealing 
members 1415 arc coupled to the exterior of the upper portion of the tubular 
member 1405 in order to optimally seal the interface between the tubular member 
1405 and the preexisting casing 1410. In a preferred embodiment, the tubular 
member 1405 is plastically deformed and radially expanded using conventional ■ 

10 methods and/or one or more of the methods and ^paratus described and referenced 
above. In an exenq)lary embodiment, the outside diameter of the tubulartnember 
1405 prior to the radial expansion process is ODq, ttie ^1 thickness of the tubular 
member 1405 prior to the radial expansion process is to, tiie outside diameter of the 
tubular member following the radial expansion process is ODj, and the wall 

1 5 thickness of the tubular member following fl)e radial expansion process is t| . 

Referring to Fig. I lb, a tubular member 1420 may then be coupled to the 
Iowa- portion of the tubular member 1405 by plastically deforming and radially 
expanding the tubular member 1420 using conventional methods and/or one or more 
of the methods and apparatus described and referenced above. In a preferred 

20 embodiment, the exterior surface of the upper portion of the tubular member 1420 
includes one or more sealing members for seaKng the interface between the tubular 
member 1420 and the tubular member 1405. 

Referring to Fig. 1 Ic, lower pcntion of the tubular member 1405 and the 
tubular member 1420 may be radially expanded again to provide a mono-diameter 

25 wellbore casing. The additional radial expansion may be provided using 

conventional methods and/or one or more of the mefliods and ^paratus described 
and referenced above. In an exemplary embodiment, the outside diameter and wall 
. thidcness of the lower portion of the tubular member 1405 after the additional radial 
expansion process are OD2 and t2. 

30 The radial expansion process of Figs. 1 lb-1 Ic can then be repeated to 

imovide a moho-diameter wellbore casing of virtually unlimited length. 
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In several alternative embodiments, the ordering of the radial expansions of 
tfie tubular members, 1 405 and 1420, may be changed. For example, the first 
tubular member 1 405 may be plastically deformed and radially expanded to provide 
a lower portion having the outside diameter OD2 and the re!Mimng portjnn having 
5 &e outside diameter ODp The tubular member 14^0 may then be plastically 

deformed and radially expanded one or more times until the inside diameters of the 
tubular members, 1405 and 1420, are substantially equal. The plastic deformations 
and radial expansions of the tubular members, 1405 and 1420, may be provided 
using conventional methods and/or one or more of the methods and apparatus 
10 described and referenced above. 

In' an exemplary embodiment, the total expansion strain E of the tubular 
member 1405 may be expressed by the following equation: 

E^(OD,-OD,)fOD, (1) 

where ODq = original outside diameter, 

1 5 ODi = outside diameter after 1^^ radial expansion; and 

OD2 = outside diameter after 2"** radial expansion. 
Furthermore, in an exemplary embodiment, where: (1) the exterior surface of 
the xxpptT portion of the tubular member 1420 includes sealing members, and (2) the 
radial spacing between the tubular member 1405 and the wellbore 1400 prior to the 
20 first radial expansion is equal to d, the outside diameters, OD\ and OD2, of the 
tubular member 1405 following the first and second radial expansions may be 
expressed as: 

OZ), = OZ)o + 2rf+2ri (2) 
Oi>j = ODj + 2*+2/2 (3) 

where ODo = the original outside diameter of tiie tubular 

25 member 1405; 

ODi = the outside diameter oftiie tubular member 

1405 following the first radial expansion; 

OD2 = the outside diameter of the tubular member 

1405 following the second radial expansion; 
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d = the radial spacing between the tubular 

member 1 405 and the wellbore prior to the first 
radial expansion; 
h - the wall thickness of the tubular member 

5 1 405 after the first radial expansion; 

^2 = the wall thickness of the tubular member 

1405 after the second radial expansion; and 
R = the thickness of sealing member provided on 

the exterior surface of the tubular member 1420. 
1 0 Furthermore, in an exenfq)lary embodiment, for d approximately equal to 0.25 

inches and R approximately equal to 0.1 inches, equation (1) can be approximated 
as: 

£=(o.7"^^3.7/o)/OA (4) 
where to = the original wall thickness of the tubular 

15 member 1405. 

In an exenq>lary embodiment, the total expansion strain of the tubular 
member 1405 should be less than or equal to 0.3 in order to maximize the burst and 
collapse strength of the expandable tubular member. Therefore, from equation (4) 
the ratio of the original outside diameter to the original wall Aickness (ODo/to) may 
20 be expressed as: 

OD^ 1 > 3.8/(03- 0.7 / OD,) (5) 

Thus, in a preferred embodiment, for ODq less than 10 inches, the optimal 
ratio of the original outside diameter to the original wall thickness (ODo/to) may be 
expressed as: 
25 ODJt^k 16 (6) 

In this manner, for typical tubular members, the burst and collapse strength 
of the tubular members following one or more radial expansions are maximized 
when the relationship in equation (6) is satisfied. Furthermore, the relationships 
expressed in equations (1) through (6) are valid regardless of the order or type of the 
30 radial expansions of the tubular member 1405. More generally, tiie relationships 
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expressed in equations (1) through (6) may be applied to the radial expansion of 
structures having a wide range of profiles such as, for example, triangular, 
rectangular, and oval. 

An apparatus for plastically deforming and radially expanding a tubular 
memb^ has been described that includes means for plastically defonning and 
radially expanding a first portion of the tubular member to a first outside diameter, 
and means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter. In a preferred embodiment, the first 
outside diameter is greats than the second outside diameter. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is removable. In a 
preferred embodiment, the means for plastically deforming and radially expanding 
the first portion of the tubular member to the first outside diameter is firangible. In a 
prefeired embodiment, the means for plastically deforming and radially e7q)anding 
the first portion of the tubular member to the first outside diameter is elastic. In a 
preferred embodiment, die means for plastically deforming and.radially expanding 
the first portion of the tubular n^mb^ to the first outside diameter includes means 
for applying.a radial force to the first portion of the tubular member. In a preferred 
embodiment, the means for plastically deforming and radially expanding the first 
portion of the tubular member to the first outside diameter is inflatable. In a 
preferred embodiment, the means for plasticaUy defonning and radially expanding 
the first portion of the tubular member to the first outside diameter includes rolling 
means for applying radial pressure to the first portion of the tubular member. 

An apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes a tubular support member including a 
first fluid passage, an expansion cone coupled to the tubular siq>port member having 
a second fluid passage fluidicly coupled to the first fluid passage and an outer 
conical surface, a removable annular conical sleeve coupled to the outer conical 
surface of the expansion cone, an annular expansion cone launcher coupled to the 
conical sleeve and a lower portion of the tubular member, and a shoe having a 
valveable passage coupled to an end of the expansion cone launcher. In a preferred 
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embodiinent, the conical sleeve is frangible. In a preferred embodiment, the conical 
sleeve is elastic. La a preferred embodiment, the conical sleeve includes a phjrality 
of arcuate elements. . 

A naethod of plastically deforming and radially expanding a tubular member 
has also been described that includes plastically deforming and radially expanding a 
portion of the tubular member to a first outside diameter, and plastically deforming 
and radially expanding anothCT portion of the tubular member to a second outside 
diameter. In a preferred embodiment, the first diameter is greater than the second 
diameter. In a prefm*ed embodiment, plastically deforming and radially expanding 
the portion of the tubular member include applying a radial force to the portion of 
the tubular member using a conical sleeve. In a preferred embodiment, conical 
sleeve is firangible. In a preferred embodiment, the conical sleeve is elastic. In a 
preferred embodiment, the conical sleeve includes a plurality of arcuate elements. 
In a preferred enibodiment, plastically deforming and radially expanding the portion 
of the tubular member includes applying a radial force to the portion of the tubular 
member using an inflatable bladder. In a preferred embodiment, plastically 
deforming and radially expanding the portion of the tubxilar member includes 
applying a radial force to the portion of the tubular member using a roller expansion 
device. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes plastically deforming and radially expanding a first 
portion of the first tubular number to a first outside diameter, plastically deforming 
and radially expanding anoflio' porti<»i of the first tubular member to a second 
outside diameter, positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member, 
plastically deforming and radially expanding the second tubular member to a third 
outside diameter, and plastically deforming and radially expanding die seccmd 
tubular member to a fourth outside diameter.. The inside diameters of the first and 
second tubular members aft^ the plastic deformations and radial expansions are 
substantially equal. In a preferred embodiment, the first outside diameter is greater 
than the second outside diameter. In a preferred embodiment, plastically deforming 
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and radially expanding the first portion of the first tubular member includes applying 
a radial force to the portion of the tubular member using a conical sleeve. In a 
preferred embodiment, the conical sleeve is frangible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a preferred embodiment, plasticaDy deforming 
and radially expanding the first portion of the first tubular member includes applying 
a radial force to the first portion of the first tubular memiber using dn inflatable 
bladder. In a preferred embodiment, plastically deforming and radially expanding 
flie first portion of the first tubular member includes applying a radial force to the 
first portion of flie first tubular member using a roller expansion device. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for plastically deforming and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
means for plastically deforming and radially e3q>anding another portion of Ac first 
tubular member to a second outside dian»t«r, means for positioning the second 
tubular member inside the first tubular member in overlying relation to the first ' 
portion of the first tubular member, means for plastically deforming and radially 
etpanding the second tubular membw to a Aird outside diameter, and means for 
plasticaUy deforming and radiaUy expanding the second tubular member to a fourth 
outside diameter. The inside diameters of the first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a preferred 
embodiment, fljc first outside diameter is greater than the second outside diameter, 
hi a preferred embodiment, the means for plastically deforming and radially 
expanding the first portion of the first tubular member includes means for applying a 
radial force to tiie portion of the tubular member using a conical sleeve. In a 
preferred embodiment, the conical sleeve is frangible. In a preferred embodiment, 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a preferred embodiment, the means for plasticaUy 
deforming and radially ejqjanding the first portion of the first tubular member 
includes means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. Li a preferred embodiment, Ae means for 
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plastically deforaiing and radially expanding the first portion of the first tubular 
member includes means for flying a radial force to the first portion of the first 
tubular member using a roller expansion device. 

An apparatus for forming a wellbore casing witfun a wellbore has also been 

*£iwiuwwi> luwoio lui suppul uug d lUDuiar memoer witnin tne wellbore, 

means for plastically deforming and radially expanding a first portion of the tubular 
member to a first outside diameter, and means for plastically deforming and radially 
expanding a second portion of the tubular member to a second outside diameter. In 
a preferred embodiment, the first outside diameter is greater than the second outside 
diameter. In a preferred embodiment, the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
™*.*,^*w* *w»iivif WAV. jui a pjciciicu cmDouimeni:, me means lor piasncaiiy 
defonning and radiaUy expanding the first portion of the tubular member to the first 
outside diameter is frangible. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter is elastic. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes means for applying a radial force to the first portion of the 
tubular member. In a preferred embodiment, the means for plastically deformmg 
and radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. In a preferred embodiment, the means for plastically 
deforming and radially expanding the first portion of the tubular member to the first 
outside diameter includes rolling means for applying radial pressure to the first 
portion of the tubular member. In a preferred embodiment, the apparatus fijrthCT 
includes means for forming an. annular body of a fluidic sealing material within an 
annulus between the tubular member and the wellbore. 

An ^paratus for forming a wellbore casing within a wellbore has also been 
described Aat includes a tubular support member including a first fluid passage, an 
expansion cone coupled to the tubular support member having a second fluid 
passage fluidicly coupled to the first fluid passage and an outer conical surface, a 
removable annular conical sleeve coiq^led to the outer conical surface of the 
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expansion cone, an annular expansion cone launcher coupled to the conical sleeve 
and a lower pOTtion of the tubular member, and a shoe having a valveable passage 
coupled to an end of the expansion cone launcher. In a preferred embodiment, the 
conical sleeve is frangible. In a prefeired embodiment, the conical sleeve is elastic. 
5 In a preferred embodiment, the conical sleeve includes a plurality of arcuate 
elements. 

A method of forming a wellbore casing within a wellbore has also been 
desCTibed feat includes supporting a tubular member within a wellbore, plastically 
deforming and radially expanding a portion of the tubular member to a first outside 
1 0 diameter, and plastically deforming and radially expanding another portion of the 
tubular member to a second outside diameter. In k preferred embodiment, the first 
diameter is greater than the second diameter. In a preferred embodiment, plastically 
deforming and radially expanding the portion of the tubular member includes 
applying a radial force to the portion of the tubular member using a conical sleeve. 
15 In a preferred embodiment, the conical sleeve is frangible. In a iH-eferred 

embodiment, the conical sleeve is elastic. In a preferred embodiment, the conical 
sleeve includes a plurality of arcuate elements. In a preferred embodiment, 
plastically deforming and radially expanding (he portion of the tubular member 
includes applying a radial force to the portion of the tubular meihber using an 
20 inflatable bladder. In a preferred embodiment, plastically deforming and radially 
expanding die portion of the tubular member includes applying a radial force to the 
portion of the tubular member using a roller expansion device. In a preferred 
embodiment, the method further includes injecting an annular body of a hardenable 
fluidic sealing material into an annulus between the tubular member and the 
25 wellbore. In a preferred embodiment, the method further includes curing the annular 
body of hard^iable fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within the 
wellbore, plastically deforming and radially expanding a first portion of the first 
30 tubular member to a first outside diameter, plastically deforming and radially 

expanding another portion of tfie first tubular member to a second outside diameter. 
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positioning the second tubular member inside tbe first tubular member in 
overlapping relation to tbe first portion of the first tubular member, plastically 
deforming and radiaUy expanding Ae second tubular member to a third outside 
diameter, and plastically defonning and radially expanding the second tubular 

.. «,«uici«. xDc ulsiae oiameters ot the first and second 

tubular members afte the plastic deformations and radial expansions are 
substantially equal. In a preferred embodiment, the first outside diameter is greater 
than the second outside diameter. In a preferred embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying 
a radial force to the portion of the tubular member using a conical sleeve. In a 
Feferred embodiment, the conical sleeve is frangible. In a prefeired embodiment, 
vw .„ w»s«,,. a picicrrea emooaunent, tne corneal sleeve includes 
a plurality of arcuate elements. In a preferred, embodiment, plastically deforming 
and radially expanding the first portion of the first tubular member includes applying 
15 . a radial force to tbe first portion of fte first tubular member using an inflatable 
bladder. In a preferred embodiment, plasticaUy deforming and radially expanding 
the first portion of the first tubular member includes applying a radial force to the 
first portion of the first tubular member using a roller expansion device. In a 
preferred embodiment the method fiirther includes injecting an annular body of a 
20 hardenable fluidic sealing material into an annulus between the first tubular member 
and the wellbore. In a prefisrred embodiment, the method further includes curing the 
annular body of hardenable fluidic sealing material. In a preferred embodiment, the 
method fiirther includes injecting an annular body of a hardenable fluidic sealing 
material into an annulus between the second tubular member and the wellbor«. fo a 
25 preferred embodiment, the method fiirflier includes curing tbe annular body of 
hardenable fluidic sealing material. 

An apparatus for coupling a first tubular member to a second tubular member 
. . has also be<a> described that includes means for plastically defonning and radially 
expanding a first portion of the first tubular member to a first outside diameter, 
30 meaiis for plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter, means for positioning the second 
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tubular member inside the first tubular member in overlapping relation to the first 
portion of the first tubulaj- member, means for plastically defonning and radially 
expanding the seamd tubular member to a third outside diameter, and means fin- 
plastically defi)rming and radially expanding the second tubular member to a ft>urth 
5 outside diameter. The inside diameters of Ae first and second tubular members after 
the plastic deformations and radial expansions are substantially equal. In a prefmed 
embodiment, the first outside diameter is greater than the second outside diameter. 
In a prefeiTed embodiment, die means for plastically deforming and radially 
expanding the first portion of the fint tubular member includes means for applying a 
10 radial force to the portion of the tubular member using a conical sleeve. In a 

prefen-ed embodiment, the conical sleeve is fi-angil)le. In a preferred embodiment 
the conical sleeve is elastic. In a preferred embodiment, the conical sleeve includes 
a plurality of arcuate elements. In a preferred embodiment, the means for plastically 
defonning and radially expanding the first portion of the first tubular member 
1 5 includes means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. In a preferred enabodiment, the means for 
plastically deforming and radially expanding the first portion of the first tubular 
member includes means for applying a radial force to flie first portion of die first 
tubular member using a roller expansira device. In a jH^efared embodiment, die 
20 ^aratus fiuUier includes means for injecting an annular body of a hardenable 
fluidic sealing material into an annulus between die first tubular member and the 
wellbore. In a preferred embodiment, the apparatus fiirther includes means for 
curing the annular body of hardenable fluidic sealing material. In a preferred 
embodiment, the apparatus fiirther includes means for injecting an annular body of a 
25 hardenable fluidic sealing material into an annulus between the second tubular 

member and the wellbore. In a prefen-ed embodimait, die apparatus fiirther includes 
means for curing die annular body of hardenable fluidic sealing material. 

An apparatus for plastically deforming and radially expanding a tubular 
membCT has also been described that includes means for providing a lipped portion 
30 in a portion of the tubular mcmbo-, and means for plastically deforming and radially 
expanding another portion of the tubular member. 
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An apparatus for plastically deforming and radially expanding a tubular 
member has also been described that includes a tubular support member including a 
first fluid passage, an expansion cone coupled to the tubular support member having 
a second fluid passage fluidicly coupled to the first fluid passage and an outer 
5 conical surfeee, an sumular expansion cone launcho- including: a first annular 
portion coupled to a lower portion of the tubular member, a second annular portion 
coupled to the first annular portion that mates with the outer conical surface of the 
expansion cone, a third annular portion coupled to the second annular portion having 
a first outside diameter, and a fourth annular portion coupled to the ftird annular 
1 0 portion having a sewmd outside diameter, wherein the second outside diameter is 
less than the first outside diameter, and a shoe having a valveable passage coupled to 
fctuth annular portion of the expansion cone laundier. 

A mediod of plastically deforming and radially expanding a tubular member 
has also been described that includes providing a lipped portion in a portion of the 
1 5 tubular member, and plastically deforming and radially expanding another portion of 
the tubular memher. 

A method of coupling a first tubular member to a second tubular member has 
also been described that includes providing a lipped portion in a portion of the first 
tubular member, plastically deforming and radially expanding another portion of the 
20 first tubular member, positioning the second ttibular member inside the first tubular 
memba- in overlapping relation to the lipped portion of fte first tubular member, and 
plastically deforming and radially expandmg the second tubular member. The inside 
diameters of the first and second tubular members after the plastic defonnations and 
radial expansions are substantially equal. 
25 An apparatus for coupling a first tubular member to a second tubular member 

has also been ^cdbed that includes means for providing a lipped in the first tubular 
menibCT, means for plastically deforming and radially expanding another portion of 
the first tabular member, means for positioning the second tubular member inside 
the first tubular member in ovo-lawnng relation to the lipped portion of the first 
30 mbular memba-, and means for plastically defiirming and radially expanding &e 
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second tubular member. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for suppcnting a tubular member within the wellbore, 
5 nieans for providing a lipped portion in the tubular member, and means for 

plastically deforming and radially expanding another portion of the tubular member 
to a second outside diameter. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes a tubular support membCT including a first fluid passage, an 

1 0 expansion cone coupled to the tubular support member having a second fluid 

passage fluidicly coupled to the first fluid passage and an outer conical surface, an 
annular expansion cone launcher including: a first annular portion coupled. to a 
lower portion of the tubular member, a second annular portion coupled to the first 
annular portion that mates with the outer conical surface of the expansion cone, a 

1 5 ' third annular portion coupled to the second annular portion having a first outside 
diameter, and a fourth annular portion coupled to the fiiird annular portion having a 
second outside diameter, wherein the second outside diameter is less than the first 
outside diameter, and a ^oe having a valveable passage coupled to fourth annular 
portion of the expansion cone launcher. 

20 A method of forming a wellbore casing in a wellbore has also been described 

that includes supporting a tubular member within the wellbore, providing a lipped 
portion in a portion of the tubular member, and plastically deforming and radially 
expanding another portion of the tubular member. In a preferred embodiment, the 
method further includes injecting a hardenable fluidic sealing material in an annulus 

25 between the tubular member and the wellbore. In a preferred embodiment, the 
method fiuther includes curing the fluidic sealing material. 

A method of forming a mono-diameter wellbore casing within a wellbore has 
also been described that includes supporting a first tubular member within the 
wellbore, providing a lipped portion in a portion of the first tubular member, 

30 plastically deforming and radially expanding another portion of the first tubular 
member, positioning the second tubular member inside the first tubular member in 
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overlapping relation to the lipped portion of the first tubular member, and plastically 
deforming and radially expanding the second tubular member: The inside diameters 
of the first and second tubular members after the plastic deformations and radial 
expansions are substantially equal. In a preferred embodiment, the method further 
5 includes injecting a hardenable fluidic seahng material in an annulus between the 
first tubular member and the wellbore. In a prefenred embodiment, tiie method 
finther includes curing the fluidic sealing material. In a preferred embodimmt, the 
method further includes injecting a hardwiable fluidic sealing material in an annulus 
between the second tubular member and the wellbore. In a preferred embodiment, 
1 0 the method further includes curing the fluidic sealing material. 

An apparatus for forming a mono^anieta: wellbore casing within a wellbore 
has also .been described that includes means for providing a lipped in the first tubular 
member, means for plastically deformirig and radially expanding another portion of 
the first tubular member, means for positioning the second tubular member inside 
15 the first tubular member in overlapping relation to the lipped portion of the first 
tubular member, and means for plastically deforming and radially expanding the 
second tubular member. The inside diameters of the first and second tubular 
members after the plastic deformations and radial expansions are substantially equal. 
In a preferred embodiment, the apparatus further includes means for injecting a 
hardenable fluidic sealing material in an annulus between the first tubular member 
and the wellbore. h a preferred embodimrat, the apparatus further includes means 
for curing the fluidic sealing material. In a preferred embodiment, the apparatus 
further includes means for nijecting a hardenable fhiidic sealing material in an 
annulus between the second tubular member and flie wellbore. In a preferred 
enibodiment, the apparatus further includes means for curing the fluidic sealing 
material. 

An apparatus for plastically deforming and radially expanding a tubular 
meniber has also been de«:ribed Aat includes means for plastically deforming and 
radially expanding a first end of the tubular member, and means for piasticaliy 
deforming and radially expanding a second end of the tubular member. In a 
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preferred embodiment, the apparatus further includes nieans for anchoring the 
tubular member during the radial expansion. 

An apparatus for plastically defonning and radially expanding a tubular 
number has also been described that includes a tubular support member including a 
first passage, an expansion cone co\q)led to the tubular support having a second 
passage fluidicly coupled to fte first passage and an outer conical surface, an 
annular expansion cone launcha: movably coupled to outer conical surfece of the 
expansion cone, an expandable tubular member coupled to an end of the annular 
expansion cone launcher, a shoe coupled to another end of the annular expansion 
cone launcher having a valveable fluid passage, and another annular expansion cone 
movably coupled to the tubular support member. The annular expansion cones are 
positioned in opposite orientations. In a preferred embodiment, the annular 
expansion cone is adapted to plastically deform and radially expand a firet end of the 
e3q)andable tubular member and the other annular expansion cone is adapted to 
plastically deform and radially expand a second aid of the expandable tubular 
member. In a preferred embodiment, the apparatus fiirther includes an anchoring 
member coupled to the tubular support member adapted to hold the expandable 
tubular. 

A method of plastically deforming and radially expanding a tubular member 
has also been described that includes plastically deforming and radially expanding a 
first end of the tubular member, and plastically deforming and radially expanding a 
second end of the tubular member. In a preferred embodiment, the method further 
includes anchoring flie tubular member during the radial expansion. In a preferred 
embodiment, the first end of the tubular member is plastically deformed and radially 
expanded before the second end. In a preferred embodiment, plastically deforming 
and radially expanding the second end of the tubular member includes injecting a 
fluidic material into the tubular member. 

A method of coupling s first tubular member to a second tubular member has 
also been described that includes positioning the second tubular member inside fte 
first tubular member in an overlapping relationship, plastically deforming and 
radially expanding the end of the second tubular membCT that overlaps with the first 
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tubular member, and plastically deforming and radially expanding the remaining 
portion of the second tubular member. In a preferred embodiment, the method 
further includes plastically deforming and radially expanding at least a portion of the 
second tubular member. In a preferred embodiment, fee inside diameters of the first 
5 and second tubular members are substantially equal after the radial expansions. 

An apparatus for coupling a first tubular member to a second tubular member 
has also been described that includes means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship, means for 
plastically defomiing and radially expanding the end of the second tubular member 

1 0 that overlaps with the first tubular member^ and means for plastically deforming and 
radially expanding the reinaining portion of the second tubular member. In a 
preferred embodiment, the apparatus further includes means for plastically 
deforming and radially expanding at least a portion of the second tubular member. . 
In a preferred embodiment, the inside diameters of the first and second tubular 

1 5 members are substantially equal after the radial e>q)ansions. 

An apparatus for forming a wellbore casing within a wellbore has also been 
described that includes means for supporting a tubular member within the wellbore, 
means for plastically deforming and radially expanding a first end of the tubular 
member, and means for plastically deforming and radially expanding a second end 

20. of the tubular member. In a preferred embodiment, the apparatus further includes 
means for anchoring the tubular member during the radial expansion. In a preferred 
embodiment, the apparatus further includes means for injecting a hardenable fluidic 
sealing material into an annulus between the tubular member and the wellbore. 

An apparatus for forming a wellbore casing within a wellbore has also been 

25 described that includes a tubular support member including a first passage, an 
expansion cone coupled to the tubular support having a second passage fluidicly 
coupled to the first passage and an outer conical surface, an annular expansion cone 
launcher movably coupled to outer conical surface of the expansion cone, an 
expandable tubular rhember coupled to an end of the aimular expansion cone 

30 launcher, a shoe coupled to another end of the annular expansion cone launcher 
having a valveable fluid passage, and another annular expansion cone movably 
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coupled to the tubidar support member. The annular expansion cones are positioned 
in opposite orientations. In a preferred embodiment the annular expansion cone is 
adapted to plastically deform and radially expand a first end of the expandable 

UIOUI£U' IllClllUCl OtlU tUC UUICI OlUlUlOi CAJJOXIAI^xi wi^uw csuui^^vu w 

5 deform and radially expand a second end of the expandable tubular member. In a 
preferred embodiment, the apparatus further includes an anchoring member coupled 
to the tubular support member adapted to hold the exi)andable tubular. 

A method of forming a wellbore casing within a wellbore has also been 
described that includes plastically deforming and radially expanding a first end of 

10 the tubular member, and plastically deforming and radially expanding a second end 

n ^ 1 ^ T ^ - ^.^1.^ Ji.M««M«> 4V^A w^A*\%r\.A Atv^Uair tn^lilH^C 
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anchoring the tubular member during the radial expansion. In a preferred 
embodiment, the first cad of the tubular member is plastically deformed and radially 
expanded before the second end. In a preferred embodiment, plastically deforming 

15 and radially expanding the second end of the tubular member includes injecting a 
fluidic material into tjie tubular member. In a preferred embodiment, the mefliod 
fiirflier includes injecting a hardenable fluidic sealing material into an annulus 
between the tubular member and the wellbore. 

A me&od of forming a wellbore casing within a wellbore has also beo) 

20 described that includes plastically deforming and radially expanding a first tubular 
member wiftin the wellbore, positioning a second tubular member inside the first 
tubular member in an overlapping relationship, plastically deforming and radially 
expanding the end of the second tubular member that overlaps wiA the first tubular 
member, plastically deforming and radially expanding the remaining portion of the 

25 second tubular member. In a preferred embodiment, the method further includes 
plastically deforming and radially expanding at least a portion of the second tubular 
member. In a preferred embodiment, the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions, hi a preferred 
embodiment, the method further includes injecting a hardenable fluidic sealing 

30 material into an annulus between the first tubular member and the wellbore. In a 
preferred embodiment, tfie method further includes injecting a hardenable fluidic 
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sealing material into an annulus between the second tubular member and the 
wellbore. 

An qjparatus for foiming a wellbore casing within a wellbore has also been 
described that includes means for plastically deforming and radially expanding a 
5 first tabular member within the wellbore, means for positioning the second tubular 
member inside the first tubular member in an overlapping relationship, means for 
plastically deforming and radiaUy expanding the end of the second tubular member 
that overlaps with the first tubular member, means ftsr plastically deforming and 
radially expanding the remaining portion of the seccmd tubular member. In a 
10 preferred embodiment, the apparatus further includes means for plastically 

deforming and radially expanding at least a portion of the second tubular member. 
In a preferred embodiment, the inside diameters of the first and seamd tubular 
members are substantially equal after the radial expansions. In a preferred 
embodiment, the appar^ further includes means for injecting a haidenable fluidic 
15 sealing material into an anntdus between the first tubular member and the wellbore. 
In a preferred embodiment, tiie ^aratus fiirther includes means for injecting a 
hardenable fluidic sealing material into an annulus between the second tubular 
member and the wellbore. 

An apparatus for bridging an axial gap between opposing pairs of wellbore 
20 casing within a wellbore has also been described that includes means for supporting 
a tubular member in overiapping relation to the opposing ends of the wellbore 
casings, means for plastically deforming and radially expanding die tubular member, 
and means for plastically deformmg and radially expanding the tubular member and 
the opposing ends of flie wellbore casings. 
25 A method of bridging an axial gap between opposing pairs of wellbore casing 

within a wellbore has also been described that includes siq>porting a tubular member 
in ovwlapping relation to the opposing ends of the wellbore casings, plastically 
.. deforming and radially expanding the tubular member, and 

plastically deforming and radially expanding the tubular member and the opposing 
30 ends of the wellbore casings. 
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A method of forming a structure having desked strength characteristics has 
also been desoibcd that includes providing a first tubular member, and plastically 
deforming and radially expanding afdditional tubular members onto the intmor 
surface of the first tubular member until the desired strength characteristics are 
5 achieved 

A method of forming a wellbore casing within a wellbore having desired 
strength characteristics has also been described ftat includes plastically deforming 
and radially expanding a first tubular member within the wellbore, and plastically 
deforming and radially expanding additional tubular members onto the interior 
1 0 surface of the first tubular member until the desired strength charactCTistics are 
achieved. 

A method of couplmg a first tubular member to a second tubular member, the 
first tubular member havmg an original outside diameter ODq and an original wall . 
thickness to, has also been described that includes plastically deforming and radially 

15 expanding a first portion of the first tubular member to a first outside diameter, 
plastically deforming and radially expanding another portion of the first tubular 
member to a second outside diameter, positioning tfie second tubular member inside 
the first tubular member in overlapping relation to the first portion of the first 
tubular member, plastically deforming and radially expanding the second tubular 

20 member to a third outside diameter, and plastically deforming and radially 

expanding the second tubular member to a fourth outside diameter, wherein the 
inside diameters of the first and second tubular members after the plastic 
deformations and radial expansions are substantially equal, and 
wherein the ratio of the original outside diameter ODq of the first tubular member to 

25 the original wall thickness to of the first tubulsar member is greater than or equal to 
16. 

A method of forming a mono-diameter wellbore casing has also been 
described that includes positioning a first tubular member within a wellbore, the first 
tubular member having an original outside diameter ODq and an original wall 
30 thickness to, plastically deforming and radially expanding a first portion of the first 
tubular member to a first outside diameter, plastically deforming and radially 
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expanding another portion of the first tabular member to a second outside diameter, 
positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, plastically 
deforming and radially expanding the second tubular member to a third outside 
diameter, and plastically deforming and radially expanding the second tubular 
member to a fourtii outside diameter. The inside diameters of the first and second 
tubular members after the plastic deformations and radial expansions are 
substantially equal, and wherein the ratio of the original outside diameter OD© of the 
first tubular member to the original wall thickness t© of the first tubular member is 
greater than or equal to 16. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, wherein the 
ratio of the original outside diameter ODo of the first tubular member to the original 
wall tiiickness t© of the first tubular member is greater than or equal to 16. 

An apparatus has also been described that includes a plastically deformed and 
radially expanded first tubular member having a first portion having a first outside 
diameter and a remaining portion having a second outside diameter, and a plastically 
deformed and radially expanded second tubular member coupled to the first portion 
of the first tubular member. The ratio of the original outside diameter OD© of the 
first tubular member to the original wall thickness to of the first tubular member is 
greater than or equal to 16. In a preferred embodiment, flie inside diameters of the 
first and second tubular members are substantially equal. 

A wellbore casing formed in a welibore has also been described that includes 
a plastically deformed and radially expanded first tubular memb^ having a first 
portion having a first outside diameter and a remaining portion having a second 
outside diameter, and a plastically deformed and radially expanded second tubular 
member coupled to the first portion of the first tubular member. The ratio of the 
original outside diameter ODo of the first tubular member to the original wall 
thickness to of the first tubular member is greater than or equal to 16. In a preferred 
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embodiment, the inside diameters of the first and second tubular members are 
substantially equal. 

An ^aratus has also been described that includes a plastically deformed and 
radially expanded tubular member. Tn rsrp.iprrf^ fimUr^irr^^f ^^♦i*^ 
5 original outside diameter ODo of the tubular member to the original wall thickness to 
of die tubular member is greater than or equal to 1 6. 

In several alternative embodimCTts, the methods and apparatus described and 
referenced above may be used to form or repair wellbore casings, pipelines, and 
structural siQ)ports. 

10 Although this detailed description has shown and described illustrative 

embodiments of the invention. thiQ Hftcrrfnti/\n r-rinfATYwi«f<^P « ^j^a^^^^^ 
modifications, changes, and substitutions. In some instances, one may enploy some 
features of the present invention without a corresponding use of the other features. 
Accordingly, it is appropriate that readars should construe flie appended claims 

1 5 broadly, and in a maimw consistent wifli the scope of the invention. 
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Claims 

What is claimed is: 

1 . An apparatus for bridging an axial gap between opposing pairs of wellbore 
5 casings within a wellbore, conq>rising: 

means for supporting a tubular member in overlapping relation to the opposing 
ends of the wellbore casings; 

means for plastically defomiing and radially expanding the tubular member; 

and 

1 0 means for plastically deforming and radially expanding the tubular member 

and the opposing ends of the wellbore casings. 

2. A method of bridging an axial gap between opposing pairs of wellbore casings 
wifliin a wellbore, comprising: 

1 5 ' supporting a tubular member in overlapping relation to the opposing ends of 

the wellbore casings; 

plastically deforming and radially expanding the tubular member; and 
plastically deforming and radially expanding the tubular member and the 

opposing ends of the wellbore casings. 

20 
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1 . An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

means for pla^ucally ucfwnning dud radially expanding a first poitioii of the 
5 tubular member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter. 

2. The apparatus of claim 1 , wherein the first outside diameter is greater tfian the 
1 0 second outside diameter. 

3. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is removable. 

15 

4. The apparatus of claim 1 , wherein the means for plastically deforming arid 
radially expanding the first portion of the tubular member to the first outside 
diameter is frangible. 

20 5. The apparatus of claim 1 , wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is elastic. 

6. The apparatus of claim 1 , wherein the means for plastically deforming and 
25 radially expanding the first portion of the tubular member to the first outside 

diameter corrq)rises means for applying a radial force to the first portion of the 
tubular member 

7. The apparatus of claiin 1 , wherein the means for plastically deforming and 
30 radially expanding &e first portion of the tubular member to flic first outside 

diameta- is inflatable. 
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8. The apparatus of claim 1 , wherein flie means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter includes rolling means for applying radial pressure to the first portion of 
the tubular member. 

9. An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member, and 

a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

1 0. The apparatus of claim 9, wherein the conical sleeve is fi-angible. 

1 1 . The apparatus of claim 9, wherein the corneal sleeve is elastic: 

12. The q>paratus of claim 9, wherein the conical sleeve con^rises a plurality of 
arcuate elements. 

13. A method of plastically deforming and radially expanding a tubular member, 
con5)rising: 

plastically deforming and radially expanding a portion of the tubular member 
to a first outside diameten and 

plastically deforming and radially expanding another portion of the tubular 
member to a second outside diameter. 
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14. The method of claim 1 3, wherein the first diameter is greater than the second 
diameter. 

5 1 5. The method of claim 13, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

10 16. The method of claim 15, wherein the conical sleeve is frangible. 

1 7. The method of claim 15, wherein the conical sleeve is elastic. 

1 8. The method of claim 1 5 , wherein the conical sleeve conprises a plurality of 
15 - arcuate elements, 

19. The method of claim 13, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

applying a radial force to the portion of flie tubular member using an inflatable 
20 bladder. 

20. The method of claim 13, wherein plastically deforming and radially expanding 
the portion of the tubular member conq>rises: 

applying a radial force to the portion of the tubular member using a roller 
25 expansion device. 

21. A method of coupling a first tubular member to a second tubular member, 
• comprising: 

plastically defonning and radially expanding a first portion of the first tubular 
30 member to a fu^t outside diameter; 
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plastically deforming and radially expanding another pcntion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 
5 plastically deforming and radially expanding the second tubular member to a 

third outside diameter; and 

plastically deforming and radially expanding the second tubiilar member to a 
fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
1 0 plastic deformations and radial expansions are substantially equal. 

22. The method of claim 2 1 , wherein the first outside diameter is greater than the 
second outside diameter. 

15 23. The method of claim 2 1 , wherein plastically deforming and radially expanding 
the first portion of tiie first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

20 24. The method of claim 23, wherein the conical sleeve is frangible. 

25. The method of claim 23, wherein the conical sleeve is elastic. 

26. The method of claim 23, wherein the conical sleeve conq^rises a plurality of 
25 arcuate elements. 



27. The method of claim 2 1 , wherein plastically deforming and radially expanding 
. the first portion of the first tubular member comprises: 

applying a radial force to the first portion of flie first tubular member using an 
30 inflatable bladder. 
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28. The method of claim 2 1 , wherein plastically deforming and radially expanding 
the first portion of the first tubular member conoprises: 

applying a radial force to the first portion of the first tubular member using a 
roller f^xpsnsi on device 

29. An apparatus for coupling a first tubular member to a second tubular member^ 

comprising: 

means for plastically deforming and radially expanding a first portion of the 
first tubular member to a first outside diameter; 

means for plastically deforming and radially expanding another portion of the 

means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member; 

means fcxr plastically deforming and radially expanding the second tubular 
member to a fliird outside diameter; and 

means for plastically deforming and radially expanding Ifae second tubular 
member to a fourth outside diameter, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

30. The apparatus of claim 29, wherein the first outside diameter is greater than 
the second outside diameter. 

.3 1 . The aj^aratus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member con^rises: 

means for s^plying a radial force to the portion of the tubular member using a 
conical sleeve. 

32. The apparatus of claim 3 1 , wherein the conical sleeve is fi^gible. 

33. The apparatus of claim 3 1 , wherein the conical sleeve is elastic. 
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34. The apparatus of claim 3 1 , wherein the conical sleeve comprises a plurality of 
arcuate elements. 

35. Tne apparams of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member con5)rises: 

means for applying a radial force to the first portion of the first tubular 
member usiiig an infiatablebladder. 

36. The apparatus of claim 29, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member conprises: 

means for applying a radial force to the first portion of the first tubular 
member using a roller expansion device. 

37. An apparatus for forming a wellbore casing within a wellbore, coniprising: 
means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first portion of the 
tubular member to a first outside diameter; and 

means for plastically deforming and radially expanding a second portion of the 
tubular member to a second outside diameter, 

38. The ^aratus of claim 37, wherein the firet outside diameter is greater than 
the second outside diameter. 

39. The apparatus of claim 37, wherein Ae means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is removable. 

40. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter is fi*angible. 
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41. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding die first portion of the tubular member to the first outside . 
diameter is elastic. 

42. The apparatus of claim 37, wherein &e means for plastically deforming and 
radially expanding the first portion of die tubular member to the first outside 
diameter comprises means for applying a radial force to the first portion of the 
tubular member. 

43. The apparatus of claim 37, wherein the means for plastically deforming snd 
radially expanding the first portion of the tubular member to the first outside 
diameter is inflatable. 

44. The apparatus of claim 37, wherein the means for plastically deforming and 
radially expanding the first portion of the tubular member to the first outside 
diameter comprises rolling means for applying radial pressure to the first portion of 
the tubular member. 

45. The apparatus of claim 37, further con^rising: 

means for forming an annular body of a fluidic sealing material within an 
annulus between the tubular member and the wellbore. 

46. An apparatus for forming a wellbore casing within a wellbore, conq>rising: 
a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

a removable annular conical sleeve coupled to the outer conical surface of the 
expansion cone; 

an annular expansion cone launcher coupled to the conical sleeve and a lower 
portion of the tubular member; and 
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a shoe having a valveable passage coupled to an end of the expansion cone 
launcher. 

47. The apparatus of claim 46, wherein the conical sleeve is frangible. 

c 
«/ 

48. The apparatus of claim 46, wherein the conical sleeve is elastic. 

49. The apparatus of claim 46, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

0 

50. A method of forming a wellbore casing within a wellbore, conpising: 
s^jporting a tubular member within a wellbore; 

plastically deforming and radially expanding a portion of the tubular member 
to a first outside diameter; and 
5 plastically deforming and radially expanding another portion of the tubular 

member to a second outside diameter. 

5 1 . The method of claim 50, wherein the first diameter is greater than the second 
diameter. 

) 

52. The method of claim 50, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

flying a radial force to the portion of the tubular member using a conical 
sleeve. 

53. The method of claim 50, wherein the conical sleeve is frangible. 

- 54. The method of claim 50, wherein the conical sleeve is elastic. 

55. The method of claim 50, wherein the conical sleeve com;mses a plurality of 
arcuate elements. 
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56. The method of claim 50, wherein plastically deforming and radially expanding 
the portion of the tubular member comprises: 

flying a radial force to flie portion of the tubular member using m inflatable 
bladd^. 

57. The method of claim 50, wherein plastically deforming and radially CT^anding 
the portion of the tubular member comprises: 

applying a radial force to flie portion of the tubular member using a roller 
expansion device. 

♦ 

58. The method of claim 50, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the tubular member and the wellbore. 

59. The method of claim 58, further comprising: 

curing the annular body of hardenable fluidic sealing material. 

60. A method of forming a mono-diameter weUbore casing within a wellbore, 
comprising: 

siq>porting a first tubular member within the wellbore; 

plastically deforming and radially expanding a first porticm of the first tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular member to a 
third outside diameten and 

plastically deforming and radially expanding the second tubular member to a 
fointh outside diameter; 
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wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

61 . The method of claim 60, wherein the first outside diameter is greater than the 
second outside diameter. 

62. The method of claim 60, wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the portion of the tubular member using a conical 
sleeve. 

63. The method of claim 62, wherein the ic:onica] sleeve is fi^gible. 

64. The method of claim 62, wherein tte conical sleeve is elastic. 

65. The method of claim 62, wherein the conical sleeve comprises a plurality of 
arcuate elements. 

66. The method of claim 60, wherein plastically deforming and radially expanding 
the first portion of the first tubular member comprises: 

applying a radial force to the first portion of die first tubular member using an 
inflatable bladder. 

67. The method of claim 60, wherein plastically deforming and radially expanding 
the first portion of the first tubular member con^rises: - 

applying a radial force to the first portion of the first tubular member using a 
roller expansion device. 

68. The method of claim 60, fiirther conqjrising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the first tubular member and the wellbore. 
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69. The method of claim 68, further conprising: 

curing the annular body of hardenable fluidic sealing material. 

70. The method of claim 60, further comprising: 

injecting an annular body of a hardenable fluidic sealing material into an 
annulus between the second tubular member and the wellbore. 

7 1 . The method of claim 70, further conq>rising: 

curing the annular body of hardenable fluidic sealing material. 

72. An apparatus for coupling a first tubular member to a second tubular member, 
comprising: 

means for plastically deforming and radially expanding a first portion of the 
first tubular member to a first outside diameter; 

means for plastically deforming and radially expanding another portion of the 
first tubular member to a second outside diameter; 

means for positioning the second tubular member inside the first tubular 
member in overlapping relation to the first portion of the first tubular member, 

means for plastically deforming and radially expanding the second tubular 
member to a third outside diameter, and 

means for plastically deforming and radially expanding the second tubular 
member to a fourth outside diameter; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

73. The apparatus of claim .72, wherein die first outside diameter is greater than 
the second outside diameter. 

74. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member conprises: 
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means for ai:q)lying a radial force to the portion of the tubular member using a 
conical sleeve. 

75. The apparatus of claim 74, wherein the conical sleeve is frangible. 
. 76, The apparatus of claim 74, wherein the conical sleeve is elastic. 

77. The apparatus of claim 74, wherein the conical sleeve conqnises a plurality of 
arcuate elements. 

78. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member con^rises: 

means for applying a radial force to the first portion of the first tubular 
member using an inflatable bladder. 

79. The apparatus of claim 72, wherein the means for plastically deforming and 
radially expanding the first portion of the first tubular member comprises: 

means for applying a radial force to the first portion of the first tubular 
member using a roller expansion device. 

80. The apparatus of claim 72, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material 
into an annulus between the first tubular member and the wellbore. 

8 1 . The apparatus of claim 80, furth^ conqirising: 

means for curing the annular body of hardenable fluidic sealing material. 

82. The apparatus of claim 72, further comprising: 

means for injecting an annular body of a hardenable fluidic sealing material 
into an annulus between the second tubular member and the wellbore. 
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83. The apparatus of claim 82, finther comprising: 

means fot curing tbe annular body of hardenable fluidic sealing material. 

84. An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

means for i^-oviding a lipped portion in a portion of the tubular member; and 
means for plastically deforming and radially eiq>anding anotiicr portion of the 
tubular member. 

85. An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 

an annular expansion cone launcher comprising: 

a first annular portion coupled to a lower portion of die tubular niember, 

a second annular portion coupled to the first annular portion that mates with 
the outer conical surface of the expansion cone; 

a third annular portion coupled to flie second annular portion having a first 
outside diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
outside diameter, 

wherein the second outside diameter is less than the first outside diameter; and 
a shoe having a valveable passage coupled to fourth annular portion of the 
expansion cone launcher. 

86. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

providing a lipped portion in a portion of the tubular member; and 
plastically deforming and radially expanding another portion of the tubular 
member. 
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87. A method of coupling a first tubular member to a second tubular member, 
conqirising: 

providing a lipped portion in a portion of the first tubular member; 
pia^ucaily deforming and radially expanding another portion of the first 
tubular member; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the lipped portion of the first tubular member; and 

plastically deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tubular members after fte 
plastic deformations and radial expansions are substantially equal. 

88. An apparatus for coupling a first tubular member to a second tubular member, 
conqnising: 

means for providing a lipped portion in the first tubular member, 

means for plastically deforming and radially expanding another portion of Ae 

first tubular member; 

means for positioning the second tubular member inside the first tubular 

member in overlapping relation to the lipped portion of the first tubular member; 

and 

means for plastically deforming and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

89. An apparatus for forming a wellbore casing within a wellbore, comprising: 
means for supporting a tubular member within the wellbore; 
means for providing a lipped portion in the tubular member, and 
rriearis for plastically deforming and radially expanding another portion of the 

tubular member to a second outside diameter. 
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90. An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular support member including a first fluid passage; 

an expansion cone coupled to the tubular support member having a second 
fluid passage fluidicly coupled to the first fluid passage and an outer conical surface; 
5 an annular expansion cone launcher conq>rising: 

a first annular portion coupled to a lower portion of the tubular member, 

a second annular portion coupled to the first annular portion that mates with 
the opter conical surface of the expansion cone; 

a third annular portion coupled to the second annular portion having a first 
1 0 outside diameter; and 

a fourth annular portion coupled to the third annular portion having a second 
outside diameter; 

wherein the second outside diameter is less than the first outside diameter, and 
a shoe having a valveable passage coupled to fourth annular portion of the 
15 expansion cone launcher. 

91. A method of forming a wellbore casing in a wellbore, comprising: 
supporting a tubular member within the wellbore; 

providing a lipped portion in a portion of the tubular member; and 
20 plastically deforming and radially expanding another portion of the tubular 

member. 

92. The method of claim 9 1 , fiuther con^rising: 

injecting a hardenable fluidic sealing material in an annulus between tiiie 
25 tubular member and the wellbore. 

93. The nfiethod of claim 92, fimher con^rising: 
curing the fluidic sealing mat^al. 

30 94. A method of forming a mono-diameter wellbore casing within a wellbore, 
conq>rising: 
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supporting a fkst tubular member within the wellbore; 
. providing a lipped portion in a portion ofthe first tubular member; 
plastically deforming and radially expanding another portion ofthe first 
tubular member, 

positioning the second tubular member inside the first tabuiar member in 
overl^ping relation to the lipped portion ofthe first tubular member, and 

plastically deforming and radially expanding the second tubular member; 

wherein the inside diameters of the first and second tutular members after the 
plastic deformations and radial expansions are substantially equal. 

95. The method of claim 94, further comprising: 

injecting a hardenable fluidic sealing material in an annulus between the first 
tubular member and the wellbore. 

96. The mefliod of claim 95, fiirther conq)rising: 
curing the fiuidic sealing material. 

97. The method of claim 94, fiirflier conqmsing: 

injecting a hardenable fluidic sealing material in an annulus between the 
second tubular member and the wellbore. 

98. The method of claim 97, finthcr conqjrising: 
curing the fluidic sealing material. 

99. An apparatus for forming a mono-diameter wellbore casing within a wellbore, 
comprising: 

means for providing a lipped in the first tubular member, 
means for plastically defom[iing and radially expanding another portion ofthe 
first tubular memben 



83 



means for positioning the second tubular member inside the first tubular 
member in overlapping rektion to the lipped portion of the first tubular member, 
and 

means for plastically defomiing and radially expanding the second tubular 
member; 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal. 

100. The apparatus of claim 99, further comprising: 

means for injecting a hardenablc fluidic sealing material in an annulus between 
the first tubular member and the wellbore. 

101. The apparatus of claim 100, further comprising: 
means for curing the fluidic sealing material. 

102. The apparatus of claim 99, further con:q>rising: 

means for injecting a hardenable fluidic sealing material in an annulus between 
the second tubular member and the wellbore. 

103. The apparatus of claim 102, fiirther conq>rising: 
means for curing the fluidic sealing material. 

104. An apparatus for plastically defonning and radially expanding a tubular 
member, comprising: 

means for plastically deforming and radially expanding a first end of the 
tubular member; and 

means for plastically deforming and radially expanding a second end of the 
tubular member. * * 

105. The apparatus of claim 104, further conq>rising: 

means for anchoring the tubular member during the radial expansion. 
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106. An apparatus for plastically deforming and radially expanding a tubular 
member, comprising: 

a tubular support member including a first passage; 

an expansion cone coupied lu the tufauiar support having a second passage 
fluidicly coupled to the first passage and an outer conical surface; 

an annular expansion cone launcher movably coupled to outer conical surface 
of the expansion cone; 

an expandable tubular member coi5)led to an end of the annular expansion 
cone launcher; 

a shoe coupled to another end of the anniilar expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support 
member; 

wherein the annular expansion cones are positioned in opposite orientations. 

107. The apparatus of claim 106, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially 
expand a second end of the expandable tubular member. 

1 08. The apparatus of claim 106» further comprising: 

an anchoring member coupled to the tubular support memb^ ad^ted to hold 
tiie expandable tubular. 

109. A method of plastically deforming and radially expanding a tubular member, 
comprising: 

plastically deforming and radially expanding a first end of the tubular member, 

and 

plastically deforming and radially expanding a second end of the tubular 
member. 
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110. The method of claim 1 09, finther comprising: 
anchoring the tubular member during the radial expansion. 

111. The method of claim 109, wherein the first end of the tubular member is 
plastically deformed and radially expanded before the second end. 

112. The method of claim 109, plastically deforming and radially expmding the 
second end of the tubular member comprises injecting a fluidic material into the 
tubular member. 

1 1 3. A method of coupling a first tubular membra- to a second tubular member, 
comprising: 

positioning the second tubular member inside the first tubular member in an 
overlapping relationship; 

plastically deforming and radially expanding the cad of the second tubular 
member that overlaps with the first tubular member; 

plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

1 1 4. The method of claim 1 1 3, fiirther comprising: 

plastically deforming and radially expanding at least a portion of the second 
tubular member. 

115. The method of claim 1 14, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

1 16. An aipparatus for cotipling a first tubular member to a second tubular member, 

« 

cong>rising: " ' 

means for positioning the second tubular member inside the first tubular 
member in an overlapping relationship; 
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means for plasticaUy deforming and radially expanding the end of the second 
tubular member that overlaps with the first tubular member; 

means for plastically defonning and radially expanding the remaining portion 
of the second tubular member. 

117. The apparatus of claim 1 1 6, further comprising: 

means for plastically deforming and radially expanding at least a portion of the 
second tubular member. 

118. The apparatus of claim 117, wherein the inside diameters of the first and 
second tubular members are substantiaUy equal after tHe radial expansions. 

1 19. An ^paratus for forming a weDbore casing within a wellbore, con^rising: 
means for supporting a tubular member within the wellbore; 

means for plastically deforming and radially expanding a first end of the 
tubular member; and 

means for plastically defonning and radially expanding a second end of the 
tubular member. 

120. The apparatus of claim 1 19, fiirther comprising: 

means for anchoring the tubular member during the radial expansion. 

121. The apparatus of claim 1 19, fijrther comprising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the tubular member and the wellbore. 

122. An apparatus for forming a wellbore casing within a wellbore, comprising: 
a tubular suH)ort inember including a first passage; 

an expansion cone coupled to the tubular support having a second passage 
fluidicly coupled to the first passage and an outer conical surface; 
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an annular expansion cone launcher mpvably coupled to outer conical surface 
of the expansion cone; 

an expandable tubular member coxq)led to an end of the annular expansion 
cone launcher; 

a shoe coupled to another end of the annular expansion cone launcher having a 
valveable fluid passage; and 

another annular expansion cone movably coupled to the tubular support 
member; 

wherein the annular expansion cones are positioned in opposite orientations. 

123. The apparatus of claim 122, wherein the annular expansion cone is adapted to 
plastically deform and radially expand a first end of the expandable tubular member 
and the other annular expansion cone is adapted to plastically deform and radially . 
expand a second end of the expandable tubular member. 

124. The apparatus of claim 122, further con?nising: 

an anchoring member coupled to flie tubular support member adaqjted to hold 
the expandable tubular. 

125. A method of forming a wellbore casing within a wellbore, comprising: 
plastically deforming and radially expanding a first end of the tubular member; 

and 

plastically deforming and radially expanding a second end of the tubular 
member. 

126. The method of claim 125, further cornprising: 
anchoring the tubular member during the radial expansion. 

127. The method of claim 125, wherein the first end of the tubular member is 
plastically deformed and radially expanded before the second end. 

88 



128. The method of claim 125, plastically deforming and radially expanding the 
second end of the tubular member conqaises injecting a fluidic material into the 
tubular member. 



5 129. The method of claim 125. further 

injecting a hardenable fluidic scaling niatcrial into an annulus between the 
tubular member and the wellbore. 



130. A method of forming a wellbore casing within a wellbore, comprising: 
10 plastically deforming and radially expanding a first tubular member within the 

wellbore; 

positioning a second tubular member inside the first tubular member in an 
overlapping relationship; 

plastically deforming and radially expanding the end of the second tubular 
1 5 member that overlaps with the first tubular member; 

plastically deforming and radially expanding the remaining portion of the 
second tubular member. 

131. The method of claim 1 30, further conqjiising: 

20 pliastically deforming and radially expanding at least a portion of the second 

tubular member. 

132. The method of claim 131, wherein the inside diameters of the first and second 
tubular members are substantially equal after the radial expansions. 

25 

133. The method ofclaim 130, further comprising: 

injecting a hardenable fluidic sealing material into an annulus between the first 
. tubular member and the wellbore. 

30 134. Themethodof claim 130, further comprising: 
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injecting a hardcnable fluidic sealing material into an annulus between the 
second tubular member and the wellbore. 

135. An apparatus for forming a wellbore casing within a wellbore, conprising: 

5 means for plastically deforming and radially expanding a first tubular member 

within the wellbore; 

means for positioning the second tubular member inside the first tubular 
member in an overlapping relationship; 

means for plastically deforming and radially expanding the end of the second 
1 0 tubular member that overlaps with the first tubular member; 

means for plastically deforming and radially expanding the remaining portion 
of the second tubular memb^. 

136. The £^paratus of claim 135, further comprising: 

15 means for plastically deforming and radially expanding at least a portion of the 

second tubular member. 

137. The apparatus of claim 136, wherein the inside diameters of the first and 
second tubular members are substantially equal afto* the radial expansions. 

20 

138. The aK>aratus of claim 135, further conqnising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the first tubular membo: and the wellbore. 

25 139. The apparatus of claim 135, further conq>rising: 

means for injecting a hardenable fluidic sealing material into an annulus 
between the second tubular member and the wellbore. 

140. An apparatus for bridging an axial gap between opposing pairs of wellbore 
30 casing within a wellbore, comprising: 

90 



means for supporting a tubular mcmba- in overlapping relation to the opposing 
ends of the wellbore casings; 

means for plastically deforming and radially expanding the tubular member; 

and 

means for plasticajiy defonrniiig and radially expanding the tubular member 
and the opposing ends of the wellbore casings. 

141 . A method of bridging an axial gap between opposing pairs of wellbore casing 
within a wellbore, comprising: 

supporting a tubular member in overlapping relation to the opposing ends of 

the wellbore casings; 

plastically deforming and radially expanding the tubular member; and 
plastically deforming and radially expanding the tubular member and the 

opposing ends of the wellbore casings. 

142. A method offorming a structure having desired strength characteristics, 
con^Trising: 

providing a first tubular member; and 

plastically deforming and radially expanding additional tubular members onto 
the interior surface of the first tubular member until the desired strength 
characteristics are achieved. 

1 43 . A method of forming a wellbore casing within a wellbore having desired 
strength characteristics, con^sing: 

plastically deforming and radially expanding a first tubular member witiiin the 
wellbore; and 

plastically defonning and radially expanding additional tubular members onto 
the interior surface of the. first tubular member until the desired strength 
characteristics are achieved. 
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1 44. A method of coupling a first tubular member to a second tubular member, the 
first tubular member having an original outside diameter ODq and an original wall 
thickness to, comprising: 

plastically deforming and radially expanding a first portion of the first tubular 
membM- to a first outside diameter, 

plastically deforming and radially cxpandang another portion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member; 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and 

plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODq of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

145. A method of forming a mono-diameter wellbore casing, con5)rising: 

positioning a first tubular member within a wellbore, the first tubular member 
having an original outside diameter ODq and an original wall thickness t©; 

plastically deforming and radially expanding a first portion of the first tubular 
member to a first outside diameter; 

plastically deforming and radially expanding another portion of the first 
tubular member to a second outside diameter; 

positioning the second tubular member inside the first tubular member in 
overlapping relation to the first portion of the first tubular member, 

plastically deforming and radially expanding the second tubular member to a 
third outside diameter; and 
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plastically deforming and radially expanding the second tubular member to a 
fourth outside diameter, 

wherein the inside diameters of the first and second tubular members after the 
plastic deformations and radial expansions are substantially equal; and 

wherein the ratio of the original outside diameter ODq of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

146. An apparatus, conqnising: 

a plastically deformed and radially expanded tubular member having a first 
portion having a first outside diameter and a remaining pcntion having a second 
outside diameter; 

wherein the ratio of the original outside diameter ODq of the first tubular 
member to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

147. An apparatus, comprising: 

a plastically deformed and radially expanded first tubular member having a 
first portion having a first outside diameter and a remaining portion having a second 
outside diameter; and 

a plastically deformed and radially expanded second tubular member coupled 
to the first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODq of ttie first tubular 
membo- to the original wall thickness to of the first tubular member is greater than or 
equal to 16. 

148. The apparatus of claim 147, wherein the inside diameters of the first and 
second tubular members are substantially equal: 

149. A wellbore casing formed in a wellbore, comprising: 
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a plastically deformed and radially expanded first tubular member having a 
first portion having a first outside diameter and a remaining portion having a second 
outside diameter, and 

a plastically deformed and radially expanded second tubular member coupled 
5 to the first portion of the first tubular member; 

wherein the ratio of the original outside diameter ODo of the first tubular 
member to the original wall thickness to of the first tubular menibcr is greater flian or 
equal to 16. 

10 150. The casing of claim 149, wherein the inside diameters of the first and second 
tubular members are substantially equal. 

151. An apparatus, comprising: 

a plastically deformed and radially expanded tubular member; 
1 5 wherein ttie ratio of the original outside diameter ODq of the tubular member 

to the original wall thickness t© of the tubular member is greater than or equal to 1 6. 
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